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I. — On a New Genus of Fossil Fish op the Obdeb Dipnoi, By 
Eamsay H. Tbaquaie, M.D., Professor of Zoology in the Koyal 
College of Science, Dublin. 

[Read 14tli May, 1873.] 

Agassiz, after describing the intermaxillary bone of Megalichthys, 
makes the following brief statement regarding the fossil which is 
the subject of the present paper : " M. Konig poss^de une piece 
detachee qui parait etre le m§me os."** 

This "pi6ce detaxjhee" is in the collection of ihe British Museum, 
and has lately been completely wrought out by removal of the re- 
mains of the matrix, in which it was imbedded. It was shown to 
me some time ago by my friend Mr. Henry Woodward, who expressed 
to me, at the time, his own opinion that it could not belong to Mega- 
lichthysy but that it was in all probability a new genus. In this 
opinion I entirely concurred, as it was at the first glance evident that 
it could not belong to the Saurodipterine group, of which Megalich- 
thya is a member, although certain parts did exhibit a very brilliant 
punctated Ganoid surface, reminding us of the polished plates and 
scales of that genus. On the contrary, fragmentary as the fossil un- 
fortunately is, its configuration shows that it must be closely allied 
to DiptertLs, and must therefore be included in the order Dipnoi; the 
close relationship between Diptervs and the living Ceratodus and 
Lepidosiren having been already clearly shown by Dr. Giinther.f 

The specimen before us is, as aforesaid, only a fragment, measuring 
li inches in length by 3 in breadth, and is evidently the extremity 
of the snout of a very large fish, probably 4 or 5 feet long. It is of 
a somewhat semilunar form ; showing a rough posterior margin where 
it has been broken off from the rest of the head ; a superior arched 
ganoid surface, which has formed part of the upper aspect of the 
snout ; an* anterior margin forming the front edge of the upper lip ; 
and an inferior excavated surface, which formed part of the roof of 

♦ Poissons Fossiles, voL ii. part 2, p. 91. f ^^^» Trans. 1871. 
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the mouth and .nasal chambers. Placing the snout in its natural 
position, with .%]ie. labial margin horizontal (PI. I. Fig. 3), the 
superior surface'is seen to slope downwards and forwards in the 
middle line<at'an angle of 45°, while towards the sides it is 
rounded/ pff. in an arched manner. This surface shows no trace 
either .p'f *j»utures or of external nasal openings ; it is smooth and 
ganoid., glossy and finely reticulate-punctate ; near the labial margin, 
however, the minute punctures disappear, and are replaced by another 
set, which are larger, fewer, and further apart. Many of these larger 
.'punctures are also seen on the finely-reticulate surface above. 
. • ', On turning up the fossil, and looking at it from below (Fig. 2), we 
•- see first a flattened margin, situated in front and latendly, which 
must have formed part of the upper lip, and which passes by a 
rounded edge over to the upper surface just described. This labial 
margin is brilliantly polished, and ornamented with the large 
scattered jpunctures already alluded to, and which average about ^g. 
inch in diameter. It shows also on each side and internally a pretty 
deep rounded notch, clearly indicating the position of an anterior 
nasal opening, which must thus have penetrated the upper lip as in 
the living Dipnoi, This arrangement also agrees perfectly with 
what is seen on the under aspect of the snout of IXpterus, The 
portion of the labial margin situated between the right and left nasal 
notches shows a faint median indentation, dividing it into two parts, 
and each of those parts, right and left, is set on its rounded posterior 
edge with a row of six small blunted tooth-like projections. Similar 
blunted tooth-like bodies are also seen on the inner aspect of the 
projecting portion of the labial margin behind each nasal notch. 

Posteriorly and internal to this strange ganoid labial margin, the 
specimen is deeply excavated, and the surface here seen has evidently 
formed part of the roof of the nasal chambers on each side, and of 
the front of the roof of the mouth. The bone is here rough ; no 
sutures can be distinguished ; but the median longitudinal projecting 
portion evidently represents the front of the vomer, anterior to the 
attachment of the palato-pterygoid plates. No trace is seen of 
vomerine teeth, as in Ceratodua and Lepidosiren, nor of their places 
of attachment as noticed by Gunther in Dipterua ; if present in this 
fish, they must also have been posterior to the portion preserved, 

The hinder margin, all the way across between the two posterior 
angles of the specimen, shows nothing but the rough fractured sur- 
face where it has been broken off from the rest of the head. How- 
ever, we may see here that the bone, forming the surfaces just 
described, exists as a rather thin shell over an internal space once 
occupied beyond doubt by cartilage, now completely filled up by 
the stony matrix, a dull grey argillaceous limestone. But the part 
between the posterior angle of the specimen, on each side, and the 
boss-like dentigerous projection behind each nasal notch, shows a 
distinct articular surface looking backwards, and which may havo 
been for a maxillary bone, or for a superficial facial bone if tho 
maxillary were wanting, as is the case in the recent Dipnoi, and 
apparently also in the fossil Dipterua, 
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A thin vertical elioe, taken from the bone on the upper Btirface 
near the posterior external angle, dieplaye microscopic characters 
essentially similar to those found in the scales and plates of many 
ganoid fishes, inclnding also the scales of Megaliehthyg. The bone 
is here very thin, measuring only about -^ inch in vertical section. 
Its microscopic structure is represented in the accompanying 'wood- 
cut. Immediately below the surface is an absolutely struotureless 
layer of transparent ganoine about t-jW ""^ thick. Through this 




a LBier of ganome. . ft True bone. 
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the punctures of the surface pass into a set of short vertical canals, 
eadi widening downwards so as to assume a rather conical figure. 
At their bases they are connected by horizontal tubes, and this 
system also communicates bolow with a close irregular network of 
ordinary Haversian canals, which ramify through the lower part of 
-the section, and, becoming coarser below, cause the bone on its interior 
aspect to assume almost a spongy appearance. The intervals between 
the set of short wide vertical canals, cup-shaped in the section, are 
seen to be each traversed by a vertical tube, which, coming up from 
the Haversian network below, soon divide in an arborescent manner 
into a great number of minute ramifying branches, which pass to- 
vards but not into the superficial layer of structureless ganoine. 
Adjacent trees of this kind also freely communicate with each other 
by means of arched branches, passing around and between the vertiod 
canals between which their stems are situated. Abeautiful koemine- 
like layer is thus formed below the ganoine ; it must be noted, how- 
ever, that small lacunte are occasionally seen amwig its minute' 
tubules. In the true bone below, lacume of the ordinary type 
abound in the meshes of its Haversian network. 

Unfortunately nothing is known regarding the geological formation, 
or the locality, of the fossil juat described. To Mr. Davies, of the 
British Museum, I am indebted for the information, that it " formed 
part of the old collection of the British Museum, of which there are 
no records, hence its history as to from whom, and vrhence it came 
is wanting." Judging, however, from its general aspect, one might 
readily be tempted to infer that it was of PalEeozoio age. 

From the preceding description it is evident that the fish, to which 
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this strange and beautiful snout belonged, must take its place, not 
among the Ganoids proper, but among the Dipnoi. Of fossil fishes 
hitherto reckoned with certainty to the last-named order, we have 
only CheiroduSf Dipterus, Ctenodua, and Ceratodua; the position of 
Phaneropleuron and Tristichoptema being still doubtful. Our fossil 
is certainly neither Dipterua nor Ceratodua; Cheirodua is known only 
•by its teeth ; and as to Ctenodua, the front of the head has not yet 
been discovered, so that all evidence is wanting to connect it with 
that genus. It seems therefore, in these circumstances, best to frame 
a new genus for its reception ; I propose, therefore, to bestow upon 
it the generic term Ganorhynchua (ryovo?, pvpyo^), coupled with the 
specific name of Woodwardi, in honour of the distinguished 
palsBontologist who first directed my attention to the fossil. 

Explanation of the Plate. 

Fio. 1. — Upper surface of the broken- off snout of Ganorhynchua Woodwardi. 

Fig. 2. — Lower aspect of the same fossil, showing the ganoid and pitted labial 
margin, the anterior nasal notches, portion of the roof of the nasal 
chambers, and the broken- off vomer in the centre. 

Fia. 3. — The same fossil seen from the left side. At the posterior inferior angle is 
seen the articular surface referred to at page 2. Both of these suriaces, 
right and left, are seen in Fig. 2, at the posterior external angles. 

Fig. 4. — ^A magnified view of the smooth ganoid surface of the upper lip, showing 
the large scattered punctures or pits with which it is ornamented. 

Fig. 5. — A microscopic section of the ganoid bone on the upper surface of the snout. 
This drawing, executed in the absence of the author from Great Britain, 
does not convey a very accurate or intelligible idea of the microscopic 
structure ; the woodcut, page 3, has therefore been substituted. 



II. — Microscopic Stkucture op Irish Granites. By Professor 
Edward Hull, M.A., F.K.S., President K.G.S.I. 

No. 2. Granite op Aillemore, Co. Mayo. 
[Read November 11, 1873.] 

This granite forms an isolated mass, rising into two eminences 
a few miles south of Loiiisburg, called Corvock Brack (1287 feet) 
and Knockaskeheen (1288 feet). It is a greyish granite — generally 
fine-grained — consisting of quartz, two felspars,— one orthoclase, the 
other triclinic, probably oligoclase — and dark green mica. In sOme 
places there are patches in which the felspar assumes the appearance 
of ** graphic granite." Numerous boulders of this granite are strewn 
over the district to the north-west, and on the south side of Knock- 
askeheen ; the rock is traversed by regular joints ranging N. 10 W., 
along which it splits off into nearly vertical walls. The position of 
the granite is shown on Griffith's Geological Map of Ireland, and it 
is surrounded by schistose beds, generally metamorphosed, and pro- 
bably of Lower Silurian age. The granite itself is of older date than 
the Upper Llandovery beds, which lie to the southward. 

Microacopic Slice. — The thin slice prepared by Mr. Jordan, of the 
Mining liecord Office in London, shows the general structure of 
the granite extremely well. With the 2-inch object-glass, and under 
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polarized light, its constituents are brought out in their relative 
proportions ; the most abundant mineral being orthoclase, next silica, 
then the triclinic felspar, then mica, and lastly magnetite. I shall 
now describe these minerals in the order above stated. 

Orthoclase. — In the section this felspar is often clouded and 
structureless, but is occasionally crystallized out into nearly perfect 
crystals, in which the angle of 90° between the sides may be 
frequently observed. But besides these there are several examples 
of the " cross-banded " felspar, similar to that described and figured 
in my paper on the granite of Firbogh. These come out under 
polarized light, the bands crossing each other at angles approaching 
90°. In one or two instances the banding takes a wavy form, and 
is only in one direction (Fig. 4). These various forms of this 
peculiar structure I regard as being characteristic of orthoclase, and 
I showed in my former paper on the Firbogh granite that they 
were due to a cellular structure along planes crossing each other 
at various angles corresponding with the planes of cleavage. The 
cases here observed are also referable to the same cause ; but the 
cellular structure is scarcely so regular and well defined as in the 
case above referred to. 

Triclinic Felspar (Oligoclase ?). — The fine parallel lines charac- 
teristic of the triclinic felspars are observable in several instances, 
and are well brought out by polarized light. The crystals, however, 
are not nearly so numerous, nor are their forms so well defined as in 
the case of the orthoclase ; sometimes, indeed, there is no crystalline 
form whatever, the felspar occurring as an amorphous grain. An 
unusually well-formed crystal is represented in Fig. 5. It is slightly 
clouded. . 

Silica, — The silica, as usual in granites, forms the basis in whicji 
the other minerals (felspar and mica) are imbedded. It is itself with- 
out crystalline form, receiving only the forms given to it by the sides 
of the felspar crystals ; and with polarized light the boundary edges 
are often seen lined by narrow parallel bands of different prismatic 
colours. The interior portions exhibit, on rotating the analyzer, the 
usual gorgeous shades of colouring, one colour sometimes imper- 
ceptibly shading off into another over the field of view, like the 
blending of the colours in a rainbow. 

With the J-inch object-glass the silica is seen to be highly cellular, 
and fluid bubbles in some of the cells come into view. With the 
No. 2 eyepiece, magnifying 350 diameters, the bubbles are well 
developed, and appear to occur in most of the cells (Fig. 6). Some- 
times the cells are exceedingly irregular in form, sending out angular 
projections in various directions. The bubbles seem generally to 
occupy a large proportion of the cells, about one-third or one-fourth 
of the entire space, from which it might be inferred that the vapour 
from the condensation of which the bubble has been formed was not 
originally highly rarefied. Sometimes the cells occur in long slightly 
curved lines. Tubes and trichites are rare in the silica of this 
slice. 

Mica, — With a high magnifying power the mica has a green colourj 
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and shows a wavy structure. It sometimes incloses black g rains, 
which I have little doubt are thpse of magnetite. 

Magnetite. — Some grains of magnetite undoubtedly occur, one of 
which is represented in Fig. 3. They are as usual opaque, and 
generally imbedded in the mica flakes. A few individuals, of which 
that above referred to is an example, are imbedded in the felspar. 



No. 3. Granite of Ballyknockan, Co. Wioklow. 

The granite of Ballyknockan belongs to the great mass of the South- 
east of Ireland, which extends from Booterstown, near Dublin, to 
Poulmounty in Co. Carlow. 

The Ballyknockan granite is considered by the Eev. Dr. Haughton, 
F.R.S., to be the best building-stone near Dublin. It has, according 
to this observer, a specific gravity of 2*636, and affords the following 
ohemical analysis.^ 
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The admirable investigations of Dr. Haughton leave little to be 
added in the way of analysis. Nevertheless, the microscope reveals 
the presence of a second variety of felspar besides the orthoclase, 
which he and Professor Galbraith were able alone to infer from 
ohemical examination. This second mineral, indeed, might probably 
have remained unobserved, except for the introduction of this new 
process of investigation. f 

The rock from which ike thin slices are taken is finely crystalline 
granular, and consists of a siliceous peiste, inclosing white felspar, 
silvery-grey and black mica. With polarized light the felspar is 
seen to consist of orthoclase, and a triclinic felspar, less abundant 
but well defined ; and the proportions in which the minerals occur 
may be thus arranged : — 1. Silica; 2. Orthoclase; 3. Triclinic felspar; 
4. Grey mica; 5. Black mica — ^the Iswt occurring of a rich bronze 
colour. 

Silica. — The silica occurs in an amorphous state, inclosing the 
other minerals, as is usual in true granites ; but is itself composed 
of numerous individual patches, each refracting the light differently, 
so as to represent, on rotating the analyzer, a great variety of rich 
colours. The individual patches are generally separated by a fringe 
of prismatic hues, probably due to varying thicknesses of tiie section 
at the edges. 

• Haughton, " Granites of Ireland/* Quart. Joum. Geol. Soc. vol. xii. p. 177. 
t Dr. Westropp, however, has detected a crystal of alhite in the granite belonging 
to the same mass at Dalkey. Journ. GeoL 8oc. Dab. vol. ii. new ser. p. 213. 
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With the J-inoh object-glass numerous cells of varying shapes 
and sizes come into view, together with some wonderfully long 
" trichites " (" trichiten," Zirkel) (Fig. 13) ; some straight, others 
bent or curved, and stretching through the mass in various directions. 
They are quite distinct from the tubes, and I have no good idea 
regarding their nature. 

The cells are often disposed in lines, or along planes, perhaps 
concealed cleavage-planes. The cells for the most part contain fluid 
bubbles (Fig. 7), but they are only visible with a very high power; 
some, however, are " stone-cavities." 

Along with the cells and stone-cavities are also to be observed, 
-with a high power, very remarkable straight tubes (Figs. 8, 9, 10), 
terminated by rounded ends, and evidently hollow, or filled with 
gas. One of these (Fig. 10), remarkable for its length, seems to 
contain a very minute bubble near the centre, and another at the 
end of the tube itself. When first observed, I was at a loss to 
account for the formation of tubes of such length, straightness, and 
comparative thinness; but on showing the drawing which I had 
made of them to Prof O'Eeilly, be at once pronounced them to be 
" tracks of gas bubbles," passing in certain directions through the 
silica when in a viscous state. I have little doubt that this is the 
true explanation of their occurrence. 

Gas cavities (?). — ^A remarkable constellation of cells in silica, 
devoid of fluid bubbles, and which were, therefore, probably filled 
originally with gas, is represented in Fig. 10. In outline they are 
irregular, and when seen under a high power the uneven form of 
the walls of each cell gives rise to bright points, shading off 
laterally. When the light from the reflector is allowed to pass 
through the lower prism, the sides are seen to shade off internally 
in a series of faint but delicately defined concentric rings of prismatic 
colours, which art would fail to represent. 

Orthodase. — The orthoclase occurs generally in formless patches 
or in sub-ciystalline forms, displaying with polarized light the 
" cross-banded " structure, very strongly pronounced (Fig. 12) ; the 
bands of colour intersecting at angles approaching 90°. This struc- 
ture I have shown in a former paper to be due to planes of cells, 
corresponding with those of cleavage, intersecting each other at 
certain angles.** 

Triclinic Felspar. — Judging from the analysis of Dr. Haughton, 
and the actual determination of the presence of albite in the granite 
of Dalkey by Dr. Westropp, which is part of the same mass, I have 
little hesitation in identifying the triclinic felspar which occurs in 
the Ballyknockan granite with albite. There are several small sub- 
crystalline forms in the slices, exhibiting with polarized light the 
fine parallel lines, and bands by which the anorthic group of felspars 
may be distinguished ; one of them is represented in Fig. 14. 

Mica. — The silvery-grey mica occurs in the slice almost colourless 

* Paper No. 1, Observations on the Microscopic Straotare of Irish Granites. 
Joum. K. Q. 8. J. Vol. III. Part 3, p. 112. 
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to pale brown ; tlie black mica as a deep bronze. The former, with 
a moderate power, is seen to be traversed by fine parallel lines 
indicating the planes of cleavage. The bronze mica with polarized 
light changes to black when the prisms are crossed ; the colourless 
mica shows a rather faint play of colours on rotating the prisms. 

In fine — the most noticeable features in the structure of this granite 
are the occurrence of a triclinic felspar, and the remarkable varieties 
of cellular structure in the silica. 

Explanation of the Plate. 

Fio. 1. Gross-section of felspar cijstal. Granite of Aillemore. 

2. Portion of crystalline grain of orthoclase, showing "cross-banded" structnre. 
Magnified 25 diameters. Granite of Aillemore. 

4. Portion of orthoclase crystal, showing wavy-banded structure. Magnified 
25 diameters. Granite of Aillemore. 

5. Imperfect crystal of triclinic felspar (oligoclase P), showing fine parallel lines. 
Magnified 150 diameters. Granite of Aillemore. 

6. Cells in silica containing fluid bubbles. Magnified 400 diameters. Granite 
of Aillemore. 

7. a. h, c. d. Fluid cavities with bubbles in silica of granite. Ballyknockan. 

8. 9. 10. Tubes in silica of mnite. Magnified 200 diameters. Ballyknockan. 

11. A belonite in silica. Magnified 200 diameters. Ballyknockan. 

12. Imperfect crystal of orthoclase, showing "cross-banded" structure. 
Magnified 25 diameters. Ballyknockan. 

13. Portion of silica, with cells, "trichites " and belonites. Magnified 200 dia- 
meters. Ballyknockan. 

„ 14. Crystal of triclinic felspar. Magnified 25 diameters. Ballyknockan. 

15. Constellation of gas (P) cavities in silica. Magnified 40 diameters. 

16. One of the cells. Magnified 300 diameters. 
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Abstract of Discussion, 



The Eev. Dr. Haughton understood Mr. Hull to say that the 
second felspar in the granite of Aillemore was probably oligoclase. 
In connexion with the Donegal granites, Dr. Haughton would also 
infer that it would be probably oligoclasic. The question of the 
second felspar of granites was of great interest. The greatest in- 
vestigator of these phenomena, the late Gustav Eose, believed that 
oligoclase was the second felspar in every instance. But the oppor- 
tunities for investigating granites in Prussia are chiefly derived from 
the erratic boulders which have come from Scandinavia, where the 
second felspar in the granites is certainly oligoclase. This oligo- 
clasic granite stretches also from Aberdeen through Donegal, 
probably to Mayo and Galway. But no one has found oligoclase in 
the Moume Mountain granite; here the second felspar is albite. 
In Scotland we are somewhat puzzled, for in the Aberdeen granite 
both albite and oligoclase occur. 

In reference to Mr. Hull's paper on the granite of Ballyknockan, 
Co. Wioklow, Dr. Haughton said that nineteen years ago Sir E. Eane 
and Prof. Sullivan found that the water of springs flowing from 
Ticknock contained more soda than potash ; these gentlemen thought 
therefore that soda felspar must be present .in the granite there.. 




Mioroscopic Structure of Insh Granites. 
Figs. I-G. Granite of Aillemore. 
Piga. 7-16. Granite d'Ba5L"j\mQ'J)*.aiv 
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Messrs. Galbraith, Apjohn, and Haughton thought, on the other 
hand, that the greater solubility of the soda compounds might be the 
cause, though no more soda than potash were present in the felspar. 
It was found, however, that, excluding the orthoclase and mica, the 
paste of the granite contained a larger proportion of soda than was 
thought ; the proportion of potash to soda being five to four, instead 
of six to one. Whence did this greater amount of soda come ? It 
was reserved for Mr. Westrop to find a trace of a second felspar, 
crystallized in cavities, in granite quarried for Kingston Pier. The 
crystals in question were once thought to be fluorspar; but Mr. West- 
trop perceived that their angles were not right angles, and Dr. 
Haughton on analyzing them found them to be albite. The granites 
of Leinster and of the Moume Mountains contain albite; these 
granites are essentially eruptive, and send veins into contiguous 
mica schist, even into limestone. Dr. Haughton believed the 
granites of Cornwall to belong to the same series, and to have 
albite, not oligoclase, as their second felspar. On the other hand, 
oligoclase is developed in the metamorphic granites of Donegal, 
Mayo, Galway, Scotland, and Scandinavia. 

Mr. Symes said that the Rev. Dr. Haughton had made a mistake in 
classing the granite of Aillemore with that of Donegal and of the Ox 
Mountains. It was a truly eruptive granite, had not a trace of 
foliation in it, and sent veins into the surrounding rocks. 

Mr. Hull having briefly replied to the observations on his paper, 
The Rev. Dr. Haughton said that, although out of order, he might be 
permitted to make a few remarks in reply to Mr. Symes. He did 
not alter his general opinions on the subject ; though he could quite 
believe that in Mayo, as does happen also in Donegal, some portion 
of the granite might have got completely melted and have thrown 
veins into the rest, and into surrounding rocks. It was the same 
rock only heated a few thousand degrees higher. Dr. Haughton 
believed that all granites were melted by pressure, and here somo 
portion had only got a greater squeeze than the rest. 



in. — ^NoTB ON A Bed op Fossilipebous " Kunkub " in the Punjab. 

By J. E. GoBK, C.E., F.R.G.S.I. 

[Read November 11, 1873.] 

The deposit of "Kunkur" occurs in the bed of a drainage about 
eight miles from the city of Puttiala Punjab. 

The bed is about six inches thick, nearly horizontal, and lies about 
three feet below the surface of the ground. It is a soft limestone of 
Tertiary, or probably Post-Tertiary age, and is very rich in small 
fossil shells, which appear to be chiefly referable to the existing 
genera, Planorhis and Limnceus, the former being the most abundant. 
I have found specimens of Flanorhia, of apparently the same species, 
in a river in the locality. 

This is the only instance I have met with of "Kunkur" contain- 
ing shells. There are many other deposits in the district, in none of 
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which I have detected any organic remains, although some of them, 
like the above, lie in the beds of drainages. 

I may add that the " Kunkur " when burnt yields an excellent 
limestone, possessing hydraulic properties. The bed has been ex- 
tensively worked for this purpose. 

PuTTiALA Punjab, 
3rd August, 1873. 



IV. — ^The Leinsteb Coal-field. By J. MoC. Meadows, F.R.G.S.I., 

Mining Engineer. 

Having been connected with mining works in this district, the 
writer offers the following particulars in reference to its seams of 
Coal, and resources for supply of fuel. 

The recent Eoyal CoaJ Commission estimated the quantity of 
Coal in the Leinster Coal-field at 76,000,000 tons. If only two- 
thirds or 50,000,000 tons be taken as practically available, thp 
quantity is of some importance in connexion with the situation of 
tiie field. 

Position and general description. 

If a short journey by rail be made from the Kildare Junction of 
the Great Southern and Western Eailway to Kilkenny, and from 
Kilkenny by the Central Ireland Line to Maryborough, and from 
Maryborough back by rail to Kildare, a complete circuit of the 
district* within which the Coal-field is contained will be made. 
Surrounded on all sides by lines of railway, and although at some 
points very nearly approached, the Coal-field is, however, without 
direct railway communication with any of these lines. 

Externally the Coal-district offers a generally uniform character. 
It consists of a succession of hills, varying from 600 to 1000 feet 
above the sea-level, which at or near their summits blend one into 
another, and together form in the interior a trtict of undulating 
country extending over more than 200 square miles. The rivers 
Dinan and Deehin form the principal drainage lines of the interior, 
and the fine valleys through which they run in their course to the 
Nore give a favourable appro£ich from the direction of the City 
of Kilkenny. 

The greatest length from north to south is upwards of twenty 
miles, and the greatest width about fifteen miles, the northern 
portion of the field being in the Queen's County, and the southern 
in the Co. of Kilkenny. 

The geological formation consists of alternations of stratified sand- 
stone and shale, forming together, in -external shape, an irregularly 
rounded tract of hill-country, which rests upon the uppermost beds 
of the Mountain Limestone. 

The lower strata of this formation for a vertical thickness of more 
than 1000 feet appear to be destitute of workable seams of Coal ; 
and as for the most part these lower beds dip or incline moderately 
towards the interior, a considerable portion of the formation referred 
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to is met with in the exterior, which is devoid of workable Coal, 
although interstratified with a few thin seams six inches and under 
in thickness. For this reason, amongst others, out of the total area 
of 200 square miles comprised in the district, not much more than 
one-fourth represents in the interior the Coal-field proper, or that 
portion of the formation within which the lowest workable seams 
of Coal have been found. 

The strata in general undulate, and on all sides finally dip or 
incline to one common centre. This centre is in appearance basin- 
shaped, and it forms the main Coal- basin of the Lordship of Castle- 
comer and Doonane, with the detached basins of Clough and New- 
town. 

In this paper these Coal-basins will first be referred to, and after- 
wards the seams of Coal in the exterior of the field. 

Interior of the Goal-field, 

In these central basins once lay the celebrated *' Kilkenny Coal." 
An exceedingly pure anthracite Coal, it varied from two feet six 
inches to three feet four inches in thickness, and is known as the 
three-feet seam. * 

Commencing at little more than a mile north-east of the town of 
Castleconier in the Co. of Kilkenny, this seam of Coal extended 
into Doonane in the Queen's County, a distance of about four miles. 
Narrow at both ends and irregular in shape, the main central basin 
of the Lordship of Castlecomer had, however, from east to west, 
a maximum width of more than a mile and a half, and the entire area 
was favourably circumstanced for working, as the seam lay at com- 
paratively shallow depths below the surface. The pits or shafts 
seldom exceeded sixty yards in depth, while the majority ranged 
from twenty tu forty yards each. 

With the exception of the northern end at Doonane, this central 
basin forms part of the Lordship of Castlecomer; and it may be 
said that the system of working by a number of small pits which 
was adopted more than 150 years ago, on the opening out of the 
seam by the then Sir Chr. Wandesforde, continued to be followed 
until its exhaustion within the last 25 years. During that period 
this seam of Coal was generally worked by the successive pro- 
prietors of the estate upon a system of contract with tenants and 
others, under one general engineering superintendence and manage- 
ment. 

In addition to this principal basin, there lay two smaller basins of 
the same seam of three-feet Coal immediately near it One was the 
Clough Colliery on the west, and the other that of the Newtown 
Colliery on the north. At one time, all formed a single basin ; but 
owing to undulations of the strata and subsequent denudation, these 
smaller basins are now found detached. With the exception of 
some portions of the seam which were left in the Clough Colliery, 
owing to insufficient power for keeping the workings unwatered, 
the three-feet seam has been for several years past also exhausted in 
these two basins. 
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The total quantity of Coal obtained from this seam of Coal may- 
be estimated at about 14,000,000 tons. 

That source of supply having been exhausted, inquiry will next 
be directed to the other resources of the field. 

About the year 1810, and subsequently, the existence of a seam of 
Coal below the three-feet seam was ascertained by borings made 
under the direction of the late David Aher, C.E., then manager of 
the mines of the Lordship of Castlecomer, in portions of the Coal- 
field that lay between the principal basin of the three-feet seam on 
the east and the Clough Colliery on the west, in ground into which 
the three-feet seam did not extend. Upon the site of one of these 
borings, on the lands of Cloneen, a shaft was sunk about the year 
1829, under the direction of the late Matthias Dunn, and was called 
Jarrow, after the Jarrow Colliery in the North of England. 

In this shaft, at a distance of about sixty yards from the surface, 
a seam of anthracite Coal was found, in appeai-ance and structure 
widely different from the three-feet seam. "When in its best con- 
dition, it has a thickness of about four feet, and it is called the 
Jarrow or four-feet seam. Of this thickness of four feet, however, 
usually more than one-half consists of inferior Coal, the remainder 
being clean hard Coal of excellent quality. 

It is irregularly massive in shape, sharp at the edges in fracture, 
and somewhat uneven or granular on the surface. Slow to kindle, 
but once fully ignited, it gives out much heat, and lasts for a con- 
siderable time, sometimes for hours together, without requiring 
attention or renewal. 

While the three-feet seam of Coal could be had, the working of 
the Jarrow seam was not carried on with vigour ; but of late years 
considerable quantities of this Coal have been raised, and this seam 
is now reputed to be the most important and valuable in the district. 

About the year 1861 the further working of the first or No. 1 
Jarrow Pit was discontinued, and a second shaft called the No. 2 
Pit, about seventy yards in depth, was sunk more to the dip of this 
seam. Subsequently the original shaft was re-opened, and Coal is 
now raised from both. 

In addition to these workings, the sinking of a third or No. 3 
Jarrow shaft upon the same seam is at present in progress. 

From the workings that have been made, this Jarrow seam is 
found to be variable in its thickness. In its bed it lies in easy 
undulations of the strata, and in the interior of the field it has its 
greatest development of four feet in thickness, principally in the 
deepest portions of these undulations. 

When, however, it rolls over or rises towards the surface with the 
gradual ascent of the strata, it has been found generally to decrease 
in thickness, and sometimes to thin out to one-half or less than that 
in thickness. 

From borings that have been, from time to time, made upon the 
royalties of the Lordship of Castlecomer, in addition to the work- 
ings already mentioned, its extension and continuation under the 
whole area that was once underlaid by the three-feet seam, may be 
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said to be now well established. The Jarrow seam is, in fact, the 
first workable bed of Coal which is met with below that seam. 

Some of the borings that have proved this seam were made through 
pits in which the three-feet Cofid had been worked. The thickness 
of strata between both seams may vary from seventy to eighty yards. 

When it is borne in mind that there has not been as yet any work- 
ing upon the Jarrow seam at any point under the three-feet seam, 
and that such workings as have been made upon it are all of them 
outside of the croppings or outgoings of that seam, it becomes 
evident that the Jarrow seam is likely to prove a principal source of 
supply of Coal in the future working of the field. 

When circumstances shall call for a large development of its coal 
resources, the first step for that purpqse will be taken when sinkings 
shall be made to the Jarrow seam through some of the deep portions 
of the principal basin of the three-feet seam. 

In addition to the' workings already referred to, the Jarrow Coal 
was, for some time, worked at Massford, and it is at present worked 
at the Eock Colliery, both near Castlecomer. More than eighiy 
years ago its outgoing was discovered eastward of the Doonane 
portion of the three-feet seam, and some workings were then made 
upon it, and within the last twelve years at the Geneva Colliery, 
near Crettyard. 

Its extension into Clough, the estate of George Leopold Bryan, 
Esq., M.P., was ascertained by the position and lie of the seam in 
the No. 2 Jarrow Pit, and works are in progress, and a shaft is 
now being sunk to that seam upon the Clough royalty. 

At Monteen, upon the eastern side of the field, workings have 
been for some time and are at present carried on upon the Jarrow 
seam ; but here it has been found upon the average to be not much 
more than from two feet to two feet four inches in thickness. 

At the HoUypark Colliery, in the Queen's County, it has also been 
worked upon its northern verge or outgoing, outside of the outcrop 
of the three-feet seam of the Newtown basin. These works are in 
operation at present ; but in this instance that Coal, as far as it has 
been as yet wrought, belongs to the class of a thin seam. 

Upon the west, the Jarrow seam has been partially worked upon 
its verge or outcrop at the Broompark and Kiesk Collieries, with a 
thickness of about eighteen inches ; but whether in the condition of 
a thick or a thin seam, it generally retains the character of a strong 
useful coal. It may be worth remark, that wherever this seam has 
been found to approach the surface, its condition has been that of 
a thin seam of Coal, usually of workable thickness. 

Lower Seams and Exterior of the Coal-field, 

To ascertain what workable seams of Coal lie below the Jarrow 
seam, a useful point for observation will be found anywhere at the 
Newtown basin of the three-feet seam. There in its best condition 
a tract of that seam once lay, and if a line of section be now taken 
to the north of the Bushes School-house — a prominent feature at 
this part of the field — the structure of the district generally will 
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present itself. Advancing forwards from the Newtown basin, the. 
Hollypark Colliery is met, in which the underlying Jarrow seam has 
been partially worked along its verge or outcrop, as already men- 
tioned, although in the condition of a thin seam only ; and passing 
from it, at a distance of less than one mile, the Bushes Colliery is 
next met with, in which the Bushes seam of Coal, about eighteen 
inches in thickness, was worked several years ago. 

This Bushes seam is the principal Coal-seam of the exterior of the 
field. At Clogrennan Hill (Bilboa), upon the east, at Ballylehane or 
Modubeagh, and MuUaghmore upon the north, and at Skehana and 
Firoda upon the west and south, this seam has been partially worked, 
and these workings may be taken as its principal landmarks. Around 
the district it varies from fourteen inches to two feet in thickness, 
and it may be called, upon an average, an eighteen or twenty-inch 
seam. It is softer than the hard Coal of the interior, and the seam 
sometimes consists in part of fine Coal or Culm, with thin bands of 
clean Coal. It is quicker in kindling, but does not make so lasting 
a fire as the hard Coal. The only mining works that have been of 
late undertaken in the exterior of the field are those at Ballylehane 
or Modubeagh, where a shaft is being sunk to reach a portion of this 
seam at the north of the district. 

Although met with and partially worked at several points, it is 
not meant to be conveyed that this Bushes seam is unbroken or 
completely continuous in the exterior, from one point to another. 
Owing to denudation, faults, and dislocations of strata, its continuity 
may be frequently interrupted, and from the same causes, it may be, 
in some places, altogether wanting. 

Whatever its condition may be, it will, however, be found to 
underlie and to extend under the seams of Coal that have been 
already described in the interior of the field. 

To complete the examination of the seams of the exterior, it 
remains to be mentioned that at a depth of about 60 yards below 
the Bushes seam of Coal, another is found which has been called the 
Bossmore Foot Coal, varying from ten to twelve inches in thick- 
ness. If the line of section be continued from the outcrop of the 
Bushes seam, the outgoing of this last-mentioned or Bossmore seam 
may be observed. 

As at a few points Culm has been raised from this latter seam, 
although in very inconsiderable quantity, it may be considered, 
as far as present evidences extend, the lowest seam with any 
pretensions to be classed as workable in the Leinster Coal-district. 
The workings that have been made upon the Bushes seam and upon 
the Bossmore Foot Coal mark in part the principal points of the 
circumscribing line, within which the Coal-field proper is contained. 

Before a complete section of all the workable seams can be given, 
that part of the field known as the Hill of Coolbane h6w to be 
noticed. It forms, in the interior, the steep hill or ridge upon the 
eastern side of the high road between Castlecomer and Crettyard, 
and is a special feature of the Coal-field. 

Tlie three-feet seam of Coal extended here to the foot of the hill. 
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and there, by a fault or dislocation of the strata which runs some- 
what parallel with the hill, the seam was thrown down to a lower 
level. Owing in part to being so thrown down, but mainly to the 
steepness of the hill-side, which here rises quickly and immediately 
over it, there is here found overlying the three-feet seam a greater 
vertical thickness of strata than has been met with over that seam 
at any other part of the field. These strata contain in them three 
other workable seams of coal that are nowhere else found together 
in the field, but which obviously once extended over the entire area of 
the three-feet seam, before the land had been worn away and shaped 
as it is now found. 

These upper strata extend, however, but for a short distance. 
Immediately to the east of them, and nearly parallel with the crest 
of the hill, one of the principal faults of the Coal-field strikes away 
in a north-east and south-west direction, bringing up to the south- 
east, within a few feet of the surface, the strata that contain the 
three-feet seam of Coal, and with them an extension of that seam 
upon the hill and the high ground behind it to the east and north, in 
the direction of Monteen and the Doonane river. The maximum 
displacement or throw of this fault is about eighty yards. 

In the strata that have been referred to as forming the hill-side 
to the west of this main upthrow fault,. in a thickuess of less than 
seventy yards over the three-feet seam of Coal, the following section 
is found : — 

Strata.. Ck>AL. 
Yds. Ft. Ft. In. 



Surface-soil and sub-strata ... 
Peacock, or 22-inch seam of Coal 

Intermediate strata 

Stony Coal 

Intermediate strata 

Double seam 

Intermediate strata 

The three-feet seam 



4 

15 

7 

36 



1 10 
3 

2 6 

3 



To these may now be added the other seams and strata, in 
descending order, viz. : — 

Intermediate strata, between the three-feet seam and Jarrow Coal, 

from 70 to 80 yards 70 

Jarrow Coal, from one foot to four feet in thickness, average ... 2 6 

Intermediate strata, thickness not ascertained, but it may be from 

160 to 200 yards unascertained 

JxQsnes seam ... ... ... ,., ... ... ... ... i o 

Intermediate strata 60 

Kossmore Foot Coal ., 10 

As far as present knowledge of the field extends, the foregoing 
section. presents a fair classification of the several workable seams of 
the Leinster Coal-district. Seams six inches in thickness and under 
are omitted, as, although useful to the miner for the identification of 
particular beds, they are not of any commercial value. 

Surveys of the District. 

In the year 1814 a Geological and Mining Keport upon the 
Leinster Coal-district, by Sir Eichard Griffith, then Mining En- 
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gineer to the Dublin Society, was published by that Society. This 
Eeport was accompanied by an engraved map and sections, and after 
a lapse of more than sixty years since the survey was undertaken, 
the work done and the results arrived at form an enduring testimony 
to the abilities of Grif&th, and to an earnestness of purpose that 
makes his labours upon that survey at such an early date a model 
of work for others. The main features of the structure of the field, 
as described by Griffith, have been followed in this paper, and the 
writer believes that they recommend themselves, upon their own 
evidences, to all who have had any practical mining knowledge of 
the district 

In the year 1859 the results of an examination of the Coal-field by 
the Geological Survey of Ireland were given to the public in the 
Geological Map-sheets of that part of Ireland, with sheets of sections 
and two descriptive pamphlets. The classification of the seams by 
that Survey is not in harmony with the results arrived at by Griffith. 

For the general structure of the field, as given by him, and sum- 
marized in this paper, there is substituted a theory that the external 
workable seams do not underlie the seams of the interior, but that 
they re-appear, and that the seam which was worked at the Bushes 
and Clogrennan Hill formed in the interior of the field the three- 
feet seam of Coal. There are difficulties in the way of an acqui- 
escence in this theory, — and they are not lessened when it is found 
that the Coals worked at the Geneva, ijionteen, Kiesk, and Moyhora 
Collieries are ^so classed by that Survey as belonging to the three- 
feet seam. 

In contrast with the conclusions arrived at by the Geological Sur- 
vey, it is only necessary to refer to a comparison of sections of strata 
over the Eushes seam and the three-feet seam, to show that such 
conclusions are open to re-consideration. 

At Tilly's Pit on Ballylehane, upon the Eushes seam, there is a 
sectional thickness of strata in the shaft of more than 90 yards, with 
only one intermediate thin imworkable seam of Coal in that section 
overlying the Eushes seam. 

In the side of the Hill of Coolbane, however, there are found over 
the three-feet seam, in a sectional thickness of less than 70 yards of 
.strata, three distinct intermediate workable seams of Coal. 

These sections appear to be so deficient in elements of constructive 
identification, it is thought unnecessary to refer to the differences 
which are found in the strata themselves, or in the thicknesses and 
qualities of the seams of Coal. 

In connexion with the structure of the field, as presented in this 
paper, reference may be made to the Slievardagh Collieries. 

From the Leinster district the underlying limestone and the 
lower beds of the Coal-formation extend in a south-westerly direction 
into the Co. of Tipperary, and the formation is found to preserve its 
upper or Coal-bearing strata as it approaches the town of Killenaule. 
In the hills to the north of that town are the Slievardagh Collieries, 
and as the lower beds and the underlying limestone are continuous 
from one district to the other, some approximate similarity in the 
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relative positions and characters of the seams of both districts may be 
looked for. 

The Slievardagh field has the Advantage of regularity in its strati- 
fication, and the following is a section of the deepest portion of the 
field near its centre, at the Earlshill Colliery : — ** 



Surface and uppermost beds... 

Parkenclea, or foar-feet seam 

Intermediate strata 

Clashacona Coal 

Intermediate strata 

Hanley's Vein 

Intermediate strata 

Crow Coal 

Intermediate strata 

Main Coal 

Intermediate strata 

Maher's Vein 

Intermediate strata 

Second, or Upper Glengoole seam , 

Intermediate strata 

First, or Lower Glengoole seam, being tbe lowest workable seam 
in the Slievardagh district, varying from one foot to one foot 
six inches in thickness ... ..• •.. ... ... 



Strata. 

Yds. Ft. 

20 

37 

10 

30 



•V 



47 

67 

170 











Coal. 
Ft. In. 

4 

2 

1 6 

2 
2 

8 

1 8 



43 



1 3 



As in this section there is an upper seam for which in the Leinster 
field there is a deficiency of strata over the Peacock Coal, the sections 
of the two districts will be best contrasted in ascending order from 
the lowest workable seam in each. , 

It is submitted that the No. 1 and No. 2 Glengoole seams of 
Slievardagh represent the Eossmore Foot Coal and the Eushes seam of 
Leinster, and that Maher's Vein and the Main Coal of Earlshill re- 
present the Jarrow seam and the three-feet seam of the Castlecomer 
field. The thickness of strata between the No. 2 Glengoole seam 
and Maher's Vein points to the distance, which is also felt to be con- 
siderable, between the Eushes seam and the Jarrow Coal. 

When the sections are examined in detail, and the relative quali- 
ties of the seams compared by those with practical knowledge of both 
districts, other parallels, unnecessary here to refer to, will be ob- 
served. Amongst them, however, may be mentioned as common to 
both districts the character of the coal of the two lower workable 
seams in which Culm or fine coal occurs, and the preponderance of 
hard coal in the upper seams, f 

Present Condition. 

Upon a recent visit by the writer, the several mining works, at 
present raising coal in the district, were found to be as follows : 

Upon portions of the upper seams, — Pits on the Hill of Coolbane. 

Upon the Jarrow seam, — Jarrow Pits Nos. 1 and 2, the Eock 
Colliery, Monteen Colliery, HoUypark Pits. 



♦ Geol. Survey of Slievardagh Coal-district, Sheet 146, and accompanying Memoir, 
t It may be mentioned that a farther examination of the Leinster Coal-field is now 
(1874) in progress by the Geological Survey of Ireland. 
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Upon the lower seams, — Skehana Colliery, BaUylehane, Tolerton, 
Kossmore, and Eeevanagh. 

In addition to the foregoing, some few pits are occasionally met 
with upon shallow portions of basins of the three-feet seam, for 
recovery of remnants of Coal that may have escaped the efforts 
of former searchers. 

The present output of the Coal-field is at the rate of about 80,000 
tons yearly. Of this quantity about one-half consists of small Coal 
and Calm, which are used for the burning of lime and bricks, and as 
fuel by the poorer classes. Sixty years ago, when Griffith made his 
Keport,. the output was estimated at about 170,000 tons yearly. 

Character of the Coal. 

All the seams are of the Anthracite class and entirely smokeless. 
The three-feet seam was a very pure coal, and in its composition 
almost entirely free from the pyritic or sulphurous intermixtures 
with which the other seams are more or less impregnated. 

To persons not familiar with the use of these descriptions of Irish 
Anthracite coal, the gases given off in burning are disagreeable 
where there is not sufficient chimney draught for their removal, and 
for this reason, amongst others, the use of the coal for house purposes 
has not extended much beyond the belt of country in which, around 
the Coal-district, it has become long and well established as the local 
fueL With those that have been accustomed to it, the disadvantage 
referred to weighs, however, but little when the high heating power 
and lasting properties of the coal are taken into account. For the 
drying of com and of malt there is a good external demand for this 
coal, and as for these purposes the best and hardest portions are 
always selected, it adds to its other qualities capability of transport 
to long distances without much waste or loss. 

The Mining Population. 

About 600 persons, including men and boys, are at present em- 
ployed underground in the several mining works. Of this number 
270 are colliers, whose special work is the getting of the coal from 
its bed, and about 240 constitute the miscellaneous mining labour 
employed underground in bringing the coal to the bottom of the 
pits or shafts, and keeping the working places and roadways or 
levels of the mines in working condition. About 70 are able miners 
who are employed in the sinking of the shafts at present in progress 
in the district. 

Speaking from experience, and taking into account the laboura 
they undergo, the miners, as a class, are an intelligent and well- 
disposed body of men. Owing to the nature of their work, they do 
not, however, in general, enjoy the robust health of the mechanic or 
field labourer, and much yet remains to be done for their better well- 
being in life. 

It is much to be desired that with the progress which now brings 
material comforts to most classes, improved dwellings may in future 
replace the almost comfortless abodes that are now pointed out to 

2 
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the stranger as the miners' homes, and which for the most part give 
but doubtful shelter to families and men upon whom not only the 
district itself, but a large extent of country around it, is mainly de- 
pendent for convenient supply of fuel. In bringing the present 
paper to a close, the writer feels that he would but inadequately 
perform his task if he confined himself to the discussion of seams of 
coal, without reference to the men by whose labour they are made 
available, or without expressing a hope that with increased industrial 
enterprise, there may be henceforth coupled in this district a reason- 
able solicitude for the material comfort of the working miner. 

In conclusion, the writer offers his best thanks to the several 
mining proprietors for aiding him in his inquiries, and enabling him 
to give, with accuracy, the condition of the field as regards its 
present output of coal. 



V. — ^Thb Volcanic Histoby of Ibeland. By Professor Edwabd 
Hull, M.A., F.RS., President; Director Geological Survey 
of Ireland. 

[Being the Anniyersary Address delivered to the Uoyal Geological Society of Jreland, 

February 11th, 1874.] 

I HAVE the pleasure of congratulating the Society on its prosperous 
condition after an existence of forty years, during which time it 
has numbered amongst its members men of the highest distinction 
in Science, and has been presided over by some of the most 
illustrious amongst the cultivators of Geology. In looking over 
the names of the first officers of the Society in 1833, I am re- 
joiced to see those of the Provost of Trinity CoUege, Sir B. Griffith, 
and Professor Apjohn, who are still amongst us ; and to myself it 
could not have been otherwise than a matter of high gratification to 
have been elected to an office which has been filled by such eminent 
men as the former Presidents of this Society. 

But more honourable to the Society than even the names of its 
officers are the large number of excellent papers, bearing, though 
not exclusively, on the Geology of Ireland, which are to be found 
in the pages of its Transactions. It is the merit of the contributions 
which must stamp the character of a Scientific Society ; and amongst 
all the Geological Societies — that of London only excepted — there 
is none which has produced so large a number of excellent memoirs. 

Other Societies — especially those of Glasgow and Edinburgh — are 
now treading closely on our heels ; and I would, therefore, venture 
from this chair to uige upon our members a little increase of 
industry in the preparation of papers founded on observations over 
various parts of the country. The geological questions and pheno- 
mena of Ireland are far from being exhausted, and still present 
materials for the industrious observer. I would, also, observe, that 
the arrangements recently effected by the Council with the Editors 
of the Geological Magazine afford authors of papers read before 
this Society rare opportonities of extended circulation. By l^t 
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arrangement, all papers of merit, after having been read before the 
Society, and approved by the Council, will appear in the pages of 
the Geological Magazine^ and subsequently in those of our Transac- 
tiona ; thus guaranteeing to them the advantages of almost a double 
circulation. 

Amongst the papers which have been read during the year 1873-4, 
I may be allowed specially to mention those of Colonel Meadows 
Taylor " On the Coal-fields of Central India," that of Dr. Mackloskie ' 
"On the Fossil Wood of Lough Neagh," that by Dr. Macalister 
** On the Charopsia Hihemicus" that by Mr. Hardman " On the 
Occurrence of Zinc in the White Chalk of Tyrone," and by Mr. 
Meadows " On the Leinster Coal-field " ; and I take this opportunity 
of acknowledging the gift to the Society of a mounted sheet of 
*' Griffith's Geological Map of Ireland," presented by our valued, 
member the Eev. 'Maxwell Close, F.G.S. 

In addressing you this evening, I have ventured to select as my 
subject, " The Volcanic History of Ireland," but shall preface what 
I have to say by a few preliminary remarks on the general charac- 
ters of volcanic phenomena. 

The earthquake and volcanic history of individual countries is 
one full of interest to the physical geologist. This history has been 
ably written in the case of Scotland by Professor Geikie, and for 
our own country it seems to be a subject not unsuited to the present 
occasion. It is, perhaps, less difficult to decipher the characters in 
which are inscribed the volcanic, than the seismic (or earthquake) 
history of any special region ; for earthquakes, although generally, 
are not exclusively, confined to volcanic districts, and often pass 
over without leaving any traces of their action. The existence of 
faults, or displacements of the strata, are not always to be relied upon 
as indicating former earthquake action ; and owing to the rare cases 
which have come under actual observation of the production of faults 
and their connexion with earthquakes, we are not in a position to 
speak dogmatically regarding their relationship. If volcanic action, 
during any special geological period, were necessarily connected 
with, or accompanied by, earthquake movements, and these again 
with faults in the strata, it would be impossible to account for such 
cases as the Carboniferous volcanic district of liimerick, in which 
faults are comparatively rare ; or the more recent case of the north- 
east of Ireland, where most of the lines of fracture are of later date 
than the consolidation of the great sheets of lava themselves. In a 
word, whether we regard the Lower Silurian volcanic region of 
North Wales, so ably illustrated by Sedgwick and Eamsay, the west 
of Ireland, the Carboniferous volcanic regions of the south of Ireland 
or centre of Scotland, or the Miocene volcanic districts of the north of 
Ireland and west of Scotland, we are equally impelled to the con- 
clusion, that the main lines of fracture are totally unconnected with 
the volcanic products, and belong to periods either preceding, or 
subsequent to, those of volcanic activity. 

Jjx attempting to determine those periods in the past history of 
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our globe in which volcanic phenomena have been prevalent, and 
the districts in which the products of volcanic action have been 
developed, we must guard ourselves against an error of observation 
into which we might be liable to fall by observing merely the 
greater or less proportion of igneous rocks in each case. There may 
be formations penetrated by numerous sheets and dykes of trap rock, 
none of which can properly come under the head of " volcanic," and 
which, therefore, present no true marks of contemporaneous volcanic 
action. Dykes of trap of an irruptive (or intrusive) character may 
belong to a geological period different from that of the strata in 
which the dykes occur ; and it is often exceedingly difficult to deter- 
mine their true age. Even in the case of sheets of trap, unless very 
careful observations are made regarding their relations to the strata 
which inclose them, much caution is required in determining the 
question whether they are volcanic or plutonic, or as the late 
Professor Jukes used to say, " eruptive or irruptive." While no truly 
intrusive rocks can be properly called " volcanic," it is clear that all 
volcanic rocks are to some extent intrusive ; for wherever they occur 
in sheets amongst the sedimentary strata, they must in some part of 
their extension pass vertically or obliquely through the strata which 
are in course of formation. Such truly volcanic lavas may therefore 
present evidences of intrusive action amongst the beds which under- 
lie them ; but we may feel sure that the beds which rest upon them, 
belonging to the same formation, will be not only undisturbed, but 
remain generally imialtered in physical constitution. 

But the most reliable phenomenon to guide the observer in deter- 
mining the question whether or not true volcanic action has left 
its traces upon any formation, is the presence of beds of ashes, agglo- 
merates, or other volcanic ejecta, which have been blown out of 
submarine or sub-aerial vents, and have subsequently become in- 
terbedded with the strata. For, while it is true that such accumu- 
lations may not necessarily be present at all times amongst volcanic 
rocks of different formations, they are, doubtless, very general 
accompaniments ; and whenever they do occur, we may safely con- 
clude that we are in the presence of truly contemporaneous volcanic 
rocks ; that is to say, rocks which have been ejected in a liquid or 
fragmental state during the period of deposition of the strata in 
which they are found. 

But, before entering on the consideration of the successive periods 
of volcanic activity in Ireland, one or two observations regarding 
the use of the term " volcanic " may not be unnecessary, in order to 
guard against misconception of my meaning. The term is generally 
exclusively applied to designate those rocks, consisting of various 
kinds of lava, ashes, scorisB, etc., which are now from time to time 
being poured forth or blown out of active volcanos, or those which, 
like Auvergne and the Eifel, have become extinct in Post-Tertiary 
times. We have, therefore, active volcanos and extinct volcanos, 
with their respective lavas, etc. ; but there seems no good reason 
why the term should not also be applied to those products of internal 
igneous action which have been erupted during the formation of 
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Cainozoic, Mesozoio, and PalaBOzoic rocks, and which are found inter- 
stratified with them. And as there are at the present day both sub- 
aerial and submarine volcanos, so, doubtless, there were in the past ; 
and geologists are now becoming familiar with such expressions as 
volcanic rocks of Silurian, Carboniferous or Permian periods, and 
which, from the necessity of the case, must chiefly be the represen- 
tatives of the sub-marine or sub-lacustrine classes of volcanos. 

Guided, then, by such principles of determination, let us endeavour 
to review in the order of succession the periods which in this 
country present us with unquestionable evidences of volcanic 
activity, and we shall consider them under the three great divisions 
of geological time, the PaleBozoic, the Mesozoic, and the Cainozoic 
or Tertiary. 

Palaozoic Epoch, — The oldest rocks represented in Ireland — the 
Cambrian beds of the east coast— present us with no evidences of 
contemporaneous volcanic activity ; but when we ascend into those 
of the Lower Silurian period, we have numerous examples of 
volcanic rocks in several parts of our island where these formations 
occur. Throughout the range of these beds in the counties of 
Wicklow, Wexford, and Waterford, there are numerous sheets of 
felstones and porphyries accompanied by beds of ash and volcanic 
breccia, interstratified with the slates and grits which for the most 
part make up the Lower Silurian rocks of those districts. These 
contemporaneous traps are referable to the acidic felspathic, or highly 
silicated felstone group ; and amongst them are outbursts of horn- 
blendic rocks, or diorites, as well as a few melaphyres, which are of 
intrusive origin and later date than the felspathic rocks themselves. 
The districts of Stradbally and Kill, near Waterford, seem to have 
been foci of volcanic action. Similar beds of porphyries, felstones, 
ashes, and agglomerates are of frequent occurrence in the Silurian 
district north of the valley of the Boyne, but become less frequent 
in the districts of Down, Armagh, and Cavan. As all the fossils 
yielded by these Lower Silurian rocks are of marine origin, we must 
suppose the whole series to be marine ; and we may therefore infer, 
that the volcanic rocks of the period were erupted from vents 
sporadically breaking out over the sea-bed of the period, and either 
pouring forth sheets of liquid lava, or vomiting out masses of frag- 
mental materials which were strewn over the bottom, and were in 
turn covered over by fresh sediment. 

It is interesting to observe that these rocks are the representa- 
tives of those great sheets of felstone and porphyry which rise into 
the lofty escarpments of North Wales, and which have been so ably 
described by Sedgwick, Murchison, and Earn say ; and I am informed 
that the late Professor Jukes, when engaged with Mr. Du Noyer in 
mapping out these beds over the Silurian district of the south-east 
of Ireland, was constantly struck by the marked resemblance of the 
old volcanic rocks of this district to those with which he had become 
familiar amongst the mountains of Snowdon, Moel Wynn, and Cader 
Idris. 
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Contemporaneous trap-rocks being so abundant amongst the Lower 
Silurian rocks of the east of Ireland, where they are generally un- 
altered, it can scarcely be doubted that they are also represented 
amongst the beds of the same great series in the west and north- 
west of the island, where they have undergone, for the most part, 
various degrees of metamorphism. In the Galway district, Mr. 
Kinahan considers that such rocks may be recognized amongst the 
hornblende schists of the metamorphosed districts;** but while the 
general conclusion may be admitted, the great amount of alteration 
which these rocks have undergone, together with their structural 
complications, renders actual determination in special cases some- 
what uncertain. 

The Lower Silurian period may, therefore, be considered as having 

• been one of great volcanic activity in this country, as well as in 

Wales and Ci;imberland ; the products being, for the most part, 

felspathic and highly silicated, and such as were erupted at various 

points over the bed of the sea. 

Upper Silurian Period, — ^The Upper Silurian rocks are not very 
largely represented in our island; nevertheless, they present un- 
mistakable evidences of contemporaneous volcanic action. Nothing 
can be more conclusive on this head than the phenomena observable 
in the mountainous region of West Mayo and Galway. Here, on 
ascending the flanks of Muilrea from the north shore of Killary 
harbour, we cross over the edges of great beds of grit, slate, and 
conglomerate, alternating with others of quartz-porphyry, each bed 
capped by its covering of volcanic ash ; as if showing, that after 
each successive outpouring of lava, there had been a grand eruption 
of fragmental materials from the volcanic vents. In all probability 
these vents, like those of the Lower Silurian period, were sub- 
marine, nor is there any very marked distinction in the general 
character of the volcanic products. 

Another district of volcanic action of this period is that lying 
along the western shores of Lough Mask, where beds of felstone, 
quartz-porphyry, felspathic ashes, and agglomerates are associated 
with fragmental strata, supposed to belong to the Upper Llandovery 
series, but which may also represent the earlier stage of the Muilrea 
volcanic rocks.f 

The Promontory of Dingle, where it projects into the Atlantic 
Ocean, together with some of the Blasket Islands, affords evidence 
of having been another district of volcanic action during the Upper 
Silurian period. Great beds of ash, agglomerate, and a few of trap 
form the coast from Clogher Head southwards, for a considerable 
distance, and again are found at Beginish, Young's, and Inishvickillane 
Islands, and have been carefully laid down on the maps of the 
Geological Survey by the late Mr. Du Noyer.f The thickness of 



* Mem. 6eol. Survey, Explanation Sheets, 105 and 114. 
t See Geological Survey Map, Sheet 86. 

i Sheet 171. See << Explanation" of Sheets 160, 161, 171, etc., by Messrs. Jukes 
and Du Noyer, pp. 12, 46, etc. (1863). • 
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these volcanic products has been estimated by the late Professor 
Jukes at 2,500 feet, and they are interstratified with sedimentary 
strata richly stored with marine fossils of the Wenlock stage. As 
the beds of felstone and ash of Muilrea probably correspond to this 
period, we have evidence of at least two centres of volcanic activity 
in the west of Ireland during the Upper Silurian period, which, for 
all we know to the contrary, may be but representatives of vastly 
more extended volcanic regions spreading either beneath the ocean, 
or beneath formations of more recent age on the land. 

Old Bed Sandstone Period. — The Old Eed Sandstone presents us 
with several examples of contemporaneous volcanic rocks, both in 
the northern and southern districts. In the neighbourhood .of 
Boyle, in Co. Koscommon, there occurs one or more beds of con- 
solidated ash, interstratified with the red and purple sandstones and 
conglomerates of that formation.** In the southern district, one of 
the most remarkable and well-known cases is that which occurs 
amongst the Killarney mountains, south of Lough Guitane, and 
which has been admirably illustrated by the pen and pencil of Mr. 
Du Noyer, under the direction of Professor Jukes. Here, at Benaun- 
more, a bold rock reaching an elevation of 1,490 feet, a mass of 
columnar felstone indicates the position of an old " neck " or volcanic 
throat, from either side of which stretch, for considerable distances, 
beds of felspathic ash and agglomerate, with large "balls" of 
felstone, often hollow in the centre, which were probably bombs, 
shot out of the vent at various stages of eruption. These beds of 
ash re-occur at Lough Garagarry, Lough Managh, and the Devil's 
Punch Bowl, to the west of Benaunmore, and rise into the summit 
of Crohane (2,162 feet), and the southern slopes of Killeen moun- 
tain on the east.f To the south of this, there is another district, 
containing contemporaneous trap-rocks, forming the cliffs of Cod's 
Head and Dursey Island, at the mouth of the Kenmare river.J 

The shores of Lough Kay and Valentia Harbour present to us 
another striking instance of a volcanic centre of eruption during 
this period. Beds of greenstone, felstone, ashes, and agglomerates 
are here associated with those of Old Eed Sandstone, and pierced by 
numerous dykes. § 

Carboniferous Period, — ^The Lower Carboniferous rocks, both of 
the North of England, of Scotland, and of Ireland, afford examples 
of contemporaneous volcanic action of considerable intensity. The 
so-called ** toad-stones " of Derbyshire, and the great sheets of 
melaphyre, porphyrite, and ashes of the central valley of Scotland, 
forming the Kilpatrick, Campsie, and Dairy Hills, appear to have 
been erupted over the bed of the same sea as that in which were 
poured out similar materials in County Limerick, forming the well- 
known Carboniferous volcanic rocks of " the Limerick Basin." 



* Messrs. Jukes and Foot, Journ. Geol. Soc. Ireland, Vol. I. Part 3, p. 249. 
t Maps of the Geological Survey, Sheets 184, 185, with '* Explanations." 
i Ibid, Sheet 198, with " Explanations," pp. 8, 17, etc. 
i Ibid. Sheet 182, with *< Explanations," p. 26. 
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These rocks have been already so fully described by several ob- 
servers, that I shall confine myself to a very short description, such 
as is essential to the brief history of volcanic action which T am here 
endeavouring to di-aw up.** 

The trap-rocks of the Limerick Basin, ably described by Professor 
Apjohn. belong to at least two consecutive periods of eruption ; 
bo^, however, included in the Carboniferous Limestone period, 
and are disposed in concentric sheets round a tract of Upper Lime- 
stone shale, which occupies a district around Ballybrood. The 
"Lower trap-band" is more important and continuous than the 
Upper, and along with beds of ash and agglomerate is found in 
several tracts to the north and west of the band itself. In several 
spots both to the north and south of the " Lower trap-band," are 
isolated bosses of trap, such as those of Knockdirk, Camanagh Fort, 
Cullon, and Maddyboy, which may be regarded as the old "necks" 
or volcanic throats, from which the sheets of trap and ashes have 
been erupted or blown out, but from which they are now discon- 
nected by denudation. 

As regards the composition of these rocks, notwithstanding the 
variety of names they have received, microscopic examination shows 
them to belong, witb few exceptions, to that series of old augitic 
lavas usually called " melaphyres," which have undergone consider- 
able alteration from their original condition. The base is for the most 
part a triclinic felspar, in which 8ire inclosed crystals of augite, 
olivine, and magnetite, together with chlorite, which must be con- 
sidered of secondary origin. While such is the character of the 
generality of these Lower Carboniferous lavas, there are occasional 
variations; and in the case of the rock of Knockdirk we find a 
highly silicated felstone forming apparently one of the old necks 
of eruption. 

Another interesting volcanic district referable to this period lies 
at the entrance to Bantry Bay, amongst the rocks extending from 
Black Ball Head to Bear Island. They consist of slates, grits, and 
calcareous bands belonging to the " Carboniferous Slate " and 
" Yellow Sandstone " series of Sir R. Griffith. The volcanic rocks 
associated with these consist of contemporaneous and intrusive 
felstones, greenstones, with beds of ash, breccia, and agglomerate, 
and are ably described by Messrs. Kinahan and O'KeUy in the 
Memoirs of tlie G^eological Survey, f Amongst these certain actual 
vents of eruption are roooguizod by the authors referred to; and 
owing to the variety of volcanic phonomona here exposed in the 
fine coast-sections, — the beds of folatono, porphyry, ashes, and 
breocias; the old voloauio nooks filled somotimos with trap, some- 



• Tbe composition of tho KnookiHrk imp in OMcntinUy ro different from that of tlie 
other masses, that I suspect it to hehinjy to mu ohior poriiHl of eruption. See author's 
paper on "Tho Microscopic Structure of the l<lin«rick IVap-rocks,** Journal R.G.S.I. 
Vol. III. Parts, p. 112. 

t Geol. Survey Map, Sheet 108, with *• Kxplnnatious** to Sheets 197 and 198 
(I860). Also Mr. KiuahMi on **Tht» iirnouuM Hocks of Berehavcu/* Joom. Geol. 
Soc. I)ublin, vol. vii. 
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times with fragmental materials ; and the dykes which range both 
through the igneous and sedimentary rocks, — this district ojffers most 
instructive materials to the student of the volcanic phenomena of 
Palaeozoic times. 

As the upper portion of the Carboniferous Slate series, which 
expands into such unusual proportions towards the south-west of 
Ireland, may, with some probability, be considered as partly the 
representative in time of the Carboniferous Limestone, it seems 
highly probable that the submarine volcanos of the south-west coast 
just described were in active operation at the same period as the 
earlier ones of the Limerick Basin, and these again contemporane- 
ously with those of the centre of Scotland and the north of England ; 
so that this portion of the bed of the ocean — swarming as it was 
with coralline, radiate, and molluscan life — ^was at this period 
frequently invaded by sheets of augitic lava poured forth from 
submarine vents; and by showers of ashes, stones, and bombs, shot 
forth and strewn by the currents of the sea. 

With these Events the history of the Palaeozoic volcanic irruptions 
of our island closes ; and we have to ascend through a long lapse 
of geological time, including the whole of the Mesozoic epoch, 
before we again meet with evidence of contemporaneous volcanic 
action in Ireland. 

Tertiary Period, — After the volcanic fires had slumbered through- 
out so many ages, they again burst forth in the Tertiary period with 
unwonted intensity over the area now occupied by the N. E. of 
Ireland, extending thence to the west of Scotland and the Inner 
Hebrides. In our own island the area now occupied by these 
volcanic rocks may be taken at 2,200 to 2,300 square miles. Yet 
this area, large as it is, is but a fragment (though doubtless a large 
one) of the original surface covered by augitic lavas, which once 
stretched as far south as the mountain ranges of Slieve Croob or 
Moume, and eastward as far as the Sperrin Mountains in the County 
of Derry. 

The volcanic rocks of the north-east of Ireland are clearly refer- 
able to three distinct periods of eruption — all, however, more recent 
than the Upper Chalk — and therefore referable to the Tertiary 
period. During the earliest of these periods, eruptions of highly 
silicated lavas, which have solidified into trachytes, rhyolites, and 
pitchstones, took place from several distinct vents — two of which, 
at least, have been determined. One of these is situated west of 
Hillsborough, amongst the Lower Silurian rocks, and the other 
amongst the hills north-east of the town of Antrim, at a distance of 
twenty miles from the former. At what precise period, this eruption 
of trachytic lavas took place, we have no means of knowing ; but 
as it preceded that of the overlying augitic lavas, which we know 
to have been of Miocene age, it is probable that these oldest volcanos 
were in activity as far back as the Upper Eocene period. Thus it 
would appear that the volcanic fires burst forth contemporaneously 
over the north-east of Ireland, and the region of Mont Dore in 
Central France, where the eruptions have been shown by Lyell and 
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Scrope to have taken plaoe at this period. This earliest period of 
volcanic activity was followed by one of, we may suppose, prolonged 
repose, upon the close of which a second and more extended out- 
burst of volcanic materials took place over the whole area, extend- 
ing from the slopes of the Slieve Croob range northwards. The 
lavas of this period are essentially augitic, consisting of dark 
amygdaloidal basalts and dolerites often decomposed, and parted by 
bands of bole and red ochre, which were formed by decomposition 
of the upper surfaces of successive flows. The most southerly of 
the vents of this period seems to have been situated at Scrabo Hill, 
in Co. Down, on the south side of Belfast Lough, and many others, 
mostly hidden from view, are scattered over the surface of Co. 
Antrim. The sheets of lava poured forth from these vents in suc- 
cessive flows attained a thickness of 600 or 600 feet, and were 
accompanied by eliowers of ashes, after which there was a cessation 
of volcanic activity ; and the second period came to a close. 

It was during this period of repose that those remarkable and 
valuable beds of lithomarge and pisolitic iron-ore were formed, as 
I believe under the waters of a lake, or chain of lakes, several 
times larger than Lough Neagh. The streams which entered these 
lakes— strongly impregnated with iron— also carried down leaves 
and stems of plants which grew on the basaltic uplands along their 
shores. In other places plants actually grew over extensive lagoons, 
and beds of lignite were formed. The plants from these beds have 
been described by Professor Harkness, F.E.S.,** and more recently 
by Mr. W. H. Baily, from specimens obtained from the railway 
cutting of Ballypallidy,f by the late Mr. Du Noyer. The identity of 
these plants with those of Miocene age establishes the geological age 
of the basaltic lavas on which they repose, as also their coincidence 
in time with the basalts of Mull and the Inner Hebrides, first de- 
termined by the Duke of Argyle, with the assistance of the late 
Prof. E. Forbes. 

At the close of this period of repose a new outburst of volcanic 
activity took place, and great sheets of augitic lavas were poured 
over the older beds, to a depth of 400 or 500 feet in some places. 
Amongst the old necks or vents belonging to this third period, pro- 
bably those of Dunluce, filled with large bombs, and of Sleamish, 
an abrupt isolated mass of basalt rising above the surrounding 
country, may be identified ; but the craters have entirely dis- 
appeared, and we can only recognize occasionally the truncated 
throats by which they communicated with the interior of the earth's 
crust. 

The third, period of volcanic activity seems to have been ac- 
companied or followed by the production of immense numbers of 
nearly vertical dykes — filled with basalt — which traverse not only 
the older sheets, but the newer. The production of these dykes 
seems to have been the result of the final effort of the elastic gases 



* Brit. Assoc. Report, 1856, p. 66. 

t Quart. Joum. Geol. Soc Ix>xid. yol. xxy. p. 367 (with plates). 
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and steam which are the motive forces in volcanic eruptions. In 
order to account for the existence of these dykes — ^which would 
occupy a considerable area if placed side by side — it is necessary 
to suppose a general inflation or bulging of the earth's crust in this 
region. Such an inflation would be accompanied by the formation 
of fissures, which, when filled in with molten lava from below, 
would, as it seems to me, result in the production of the dykes to 
which I have referred. 

The whole of the volcanic operations here briefly described appear 
to have been subaerial. If submarine— as has often been supposed— 
we might expect to have found marine strata accompanying some 
of the beds of lava ; but these are altogether absent, and the various 
bands of red bole can be regarded as nothing else than lava, or 
volcanic ash decomposed in presence of the atmosphere. The 
microscopic structure of some of the more compact beds of bole 
bears out this view. 

It is very remarkable, considering the comparatively modern 
period of these volcanic phenomena, that, as far as we know, none 
of the original craters are to be found over the whole region. Here 
and there, indeed, we find the pipes or throats of the old volcanos, 
but the original craters have been obliterated. On the other hand, 
if we cross over to Central France, we find in the region of Mont 
Dore ancient craters in a remarkable state of preservation, and 
which were, apparently, contemporaneous with those of the north 
of Ireland. To the same period are also referable (in all probability) 
some of the volcanic cones of Germany, Hungary, Transylvania ; 
and it is unquestionable that the Miocene period was one of extra- 
ordinary volcanic activity over large European areas, in which the 
original outline of the centres of eruption have been more or less 
preserved. With us, however, it is different, and it is plain that 
the north of Ireland and the western isles of Scotland have been 
subjected to agents of abrasion from which the other districts I have 
referred to have been to a great extent free. 

It is to the various agents which were in operation chiefly during 
the Glacial epoch that we must, as it seems to me, refer the ob- 
literation of the volcanic craters of the north of Ireland. These 
agents, indeed, were sufficiently numerous to exercise a most power- 
ful effect in denuding the surface of the country. For, to the 
ordinary action of rain and rivers, must be added at one time the 
planing of an ice-sheet, and at another the levelling of the waves 
of the sea. The glaciated surfaces of the basaltic rocks at Fair 
Head and numerous other places attest the former presence of the 
one; while the beds of marine gravel, occurring especially in the 
adjoining district of Armagh, up to elevations of 200 or 300 feet, 
indicate the former presence of the other. 

The amount of denudation in the north of Ireland since the period 
of the Miocene volcanos has indeed been enormous. Hundreds of 
vertical feet of basaltic rocks have been removed, considerable 
valleys, like those of Belfast Lough, Cushendall, and Bushmills, 
have been scooped out> and considerable tracts surrounding the 
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basaltic region have been stripped of their former covering of 
trap. 

Since the close of the Miocene period no volcanic outbursts have 
taken place over the area of the British Isles. The fires of that 
remarkable epoch have spent themselves here, and have retreated to 
Iceland on the one hand, and the borders of the Mediterranean on 
the other. Happily for us, we are not called on to witness the 
entombment of a Pompeii, or the destruction by a fiery torrent of 
a Catania. If these phenomena are to be witnessed, it must be at 
a distance from our own more fortunate Isles. 



YI. — Note on a Small Eaised Estuarinb Beach at Tramore 
Bay, Co. Waterford, showing Traces op several Oscilla- 
tory Movements during the Eeoent Period. By Edwari? 
T. Hardman, F.E.G.S.I., JP.C.S. ; of the Geological Survey of 
Ireland, Associate of the Eoyal College of Science, Dublin. 

[Read December 10, 1873.] 
While spending a few days in the Autumn at Tramore, I chanced 
to meet with a well-marked example of recent alteration of shore- 
level; and as on subsequent examination I find it only partially 
noticed on the Six-inch Map, and not referred to at all on the pub- 
lished One-inch Sheet, or in the Memoir of the Geological Survey 
of the District, I thought of laying a short note on the subject 
before this Society. • 

The Bay of Tramore is separated by a long ridge of sand-hills 
known as the Burrow — chiefly of aerial origin — ^from an extensive 
muddy estuarine flat called the Backstrand, the result of the silt of 
two or three streams flowing into and through it, at present of trifling 
size, but which must formerly have been of some importance as 
mud-carriers, as is shown by the dimensions of the old river-courses 
now filled by alluvium. These streams coalesce into one, that finds its 
way to the sea by a narrow passage called the Einnashark. At 
various places around the estuary, and at heights varying from two 
to ten feet above high-water mark, layers of sand, clay, and gravel 
are found, resting on Boulder-clay, vegetable soil, or — as in one 
place — a thick layer of good peat bog ; and containing numerous 
specimens of recent marine shells, chiefiy the common cockle, — 
Cardium edule, — with Turritella, Littorina, Modiola, etc. Time did not 
permit of my making a very careful examination of the fossil con- 
tents of these beds. I was, however, able to trace the Eaised Beach 
for about a mile on each side of the estuary. On the east side it is 
very well marked indeed as to configuration, forming a narrow 
stretch of low flat ground along the margin of the shore, and with 
shells tolerably abundant, these being also found at some little 
distance from the shore, in the sides of a ditch a field off'. But 
on the west only a few isolated patches of shelly gravel were to be 
found ; and the shape of the shore is not such as to suggest the 
existence of a raised beach. Yet of this there can be no question, as 
will be seen from the following details. 
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The first section seen on the west, at the north-eastern junction 
of Crobally Upper with Crobally Lower, and near the former mouth 
of one of the streams flowing into the bay, is as follows : 

(See Illustration, Fig. 1, p. 84.) Ft. In. Ft. In. 

0. Mould, clay, etc. (artificial) 2 

b. Stratified sand containing fragments and whole shells of Cardium \ 

edulSy Turritella, etc... 2 > 10 

a. Boulder -clay, with Talus of recent sand, etc., in all 8 o) 

The shelly bed here is somewhat variable in thickness — from six 
inches to two feet — and in level ; but its height above present high- 
water mark is about ten feet 

Crossing the stream, and proceeding northwards along the coast 
for about 600 yards, we come to a place marked on the working Six- 
inch Map with the following note by Mr. W. L. Willson, who 
examined this district in the early days of the Survey : — " Layers of 
Cockle-shells (in situ) 2\ feet above present level of high-water, 
imbedded whole as if buried alive, in clayey drift." I could not find 
the deposit here alluded to, as it has been " improved ofl^ the face of 
the earth " ; but a little to the east of the spot, in a new drain run- 
ning from a sluice gate in the recently built Eeclamation Wall, cross- 
ing the estuary from this point, I saw the following remarkable 
section (see Illustration, Fig. 2, p. 34) : — 

Ft. In. 
f. Clayey bed with broken Cockle-shells, about 8 

d. Brown solid Peat 2 

e. Clayey brown Sand • 2 

a. b, JBrown clayey Boulder-clay, with cracks or pipes filled with blue stiff 

clay, to water's edge 1 

5 8 
The Cockle-bed was at a height of from two to three feet above 
high-water mark; Had I not seen other sections having a direct bear- 
ing on the above, and of some if not entire similarity to it, I should 
have been inclined to reject bed e as of artificial origin : but, as 
the sequel will show, there is a strong presumption that it is really 
t» situ. In a drain along a new road, being the continuation of the 
wall to the westward, a somewhat similar section is seen : 

(See Illustration, Fig. 3, p. 34.) 

O/t ooiif eiCs ... ... ..' ... ... ,,, ... ,., ... 1 D 

c. Peaty layer, becoming sandy inland ... 1 

b. Bluish mud containing fragments of wood 1 6 

a. Sandy Boulder-clay, with cracks filled up with blue mud 4 



8 
The shells are absent here, possibly because the former submer- 
gence did not extend so far. The peaty layer undoubtedly corre- 
sponds with the boggy bed of the last section. 

Five hundred yards north of the sluice-gate, and close to the 
division of the Townlands, Ballinatin, and Di-umcannon, Mr. Willson 
has noted " Layers of Cockle-shells 2^ feet above high- water mark." 
This has also disappeared. 

The foregoing are the only traces to be found on the west of the 
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estuary; but on crossing the Eeclamation Dyke to the other side, the 
old beach becomes very apparent, and a little to the north, about 
sixty yards from h^gh- water mark, an excellent section is seen 
(See Illustration, Fig. 4, p. 34) : 

Section in Lissellan. ^ -^ ^t, in. 

rf. Vegetable soil and clay ... 1 

c. Dark sandy layer, rather peaty, containing abundantly at base 

layers of shells, Cockle, Mussel, Winkle, etc 

b. Muddy layer, thin and irregular, in pockets 

a. Gravelly brown Boulder-clay with irregular cracks containing blue 

mud strings 

7 6 to 9 6 

The height of the shell-bed is here about nine or ten feet above 
high-water mark., and it is found extending inland in a section ex- 
posed in a ditch, continuing into the next field. 

A little south of this, and close to high- water mark, the same section 
is seen ; but here bed c. becomes very black, from the presence of 
organic matter, in some places very peaty, and thickens to one foot 
Bed 6. is sometimes a foot thick, and the height of the shell-bed is 
seven feet above high- water mark. 

Continuing southwards in Lissellan, the peaty layer is underlaid 
by a few thin layers of well-stratified gravel, full of shells, which 
die out after a little distance. Further on along the shore the level 
of the peaty bed sinks gradually, and at last is covered by a distinct 
layer of rudely-stratified gravel, in which a few shells are found, 
being evidently a shore deposit. This, which is about a foot thick, 
and is covered with mould well clothed with grass, continues for 
nearly half a mile, the height diminishing to about two feet, until it 
gradually disappears under a thin bog connected with an alluvial 
flat. (See Illustration, Fig. 5, p. 34.) This bog is itself covered by 
high- water of spring- tides. 

I think there is sufficient resemblance between these sections and 
Figs. 2 and 3, to warrant us in referring them all to one horizon, and 
in believing the shells above the peat in Fig. 2 to be in sit^, cor- 
responding to the gravel-bed above the black bed in Lissellan. 

North of the Wall (or of Section 4) the raised beach can be traced 
for about half a mile by its appearance, which is tolerably distinct. 
It seems to die out towards the head of the estuary. 

Although this beach is of insignificant extent, it is of some interest 
on account of its recording several oscillations of surface as having 
occurred during Post- Glacial times ; for it will be observed that 
from the sections three distinct land-:surfaces and as many silt-beds 
can be identified. First and lowest comes the Boulder-clay, evi- 
dently denuded, perhaps after depression, and a deposit of mud and 
gravel, with shells laid on it — ^First Submergence. Then we have 
the Ismd rising again, marked by a dark sandy bed full of vegetable 
matter (? old alluvium), with, in places, shells at the base,T)ecoming 
in part peat bog — Second Land- Surface. Next comes a deposit of 
gravel, stratified, and in at least two places containing sheila- 
Second Submergence. This is covered by quite recent bog passing 

lOV&N. B. O. 8. I. — ^YOL. IV. S 
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into alluvium along the Keiloge Eiver — ^Third Land-Surface. And 
the last is now subject to floods at spring-tides — showing that the 
Third Submergence has commenced. 

With regard to this last, it may be mentioned that at the south- 
western comer of the estuary, close to the town, there is a partially- 
submerged and silt-covered bog,** which appears to be connected 
with an alluvial flat extending northwards. This bog has been 
buried for many years, for it was recorded on the Six-inch Working 
Map by Mr. Willson in the beginning of the Survey. At present 
there is no trace of it ; but during the great storm of 1870 the strand 
was torn up and the bog. laid bare. In the summer of that year I 
happened to be in the neighbourhood, and visiting the strand saw 
the bog where it was even then visible betweeli high- and low- water 
mark. It appeared to have been covered by not more than six 
inches of sand, and was certainly in sitH, and not the result of a 
quantity of bog having slipped, and spread over the sand. Had this 
been so, it must have been levelled and removed by the tidal action 
long before I saw it. The strand being now re-formed, there is none 
of the bog visible. It is possible that it is contemporaneous with 
the alluvial bog referred to above as capping the last gravel-bed in 
Section 5, at Lissellan ; but that either because the land commenced 
to sink towards the south, or by reason of the slope of the ground, 
the latter has as yet only barely come within the influence of the 
water. 

The subject of changes of level in estuaries as shown by the 
presence of alternating beds of peat or vegetable soil and silt, etc., 
has been well treated by Mr. T. Mellard Reade, F.G.S., in an elabo- 
rate and exhaustive paper on the Estuaries of the Mersey, Dee, and 
Ribble,f in which he has made out from three to four distinct 
periods of submergence and upheaval, and he insists on the frequency 
of such movements. This idea seems to me to be well borne out by 
the number of sea and land surfaces shown in such a trifling thick- 
ness of strata as at Tramore. At the same time, we must remember 
that extensive denudation might have taken place between each 
deposit, although this is not denoted by what is going on there at 
present, since we see one part of the bog submerged and silted over, 
while the other is still growing. 

With regard to other parts of our own coasts, I have no doubt that 
the same phenomena have been also observed ; but I have no oppor- 
tunity of verifying this at present. However, the shelly gravel of 
Dundalk J may possibly be due to something of the same nature, and 
this is undoubtedly true in the case of the remarkable shell and 



♦ The strand under which it lies is coyered totally at high-water. 

t Post-glacial Geology of Lancashire and Cheshire, by T. Mellard Reade, C.E., 
F.Gr.S., etc., Proc. Liverpool Geol. Soc, November, 1871. An instance of blue mud 
penetrating into cracks in the Boulder-clay beneath is noted (p. 45, Detailed Sections), 
just as in the Sections given above. (See Geol. Mag. 1872, Vol. IX. p. 111.) 

J On the Shelly Gravel underlying Dundalk, by Gen. Portlock, F.R.S., etc., Journ. 
Dub. Geol. Soc. Vol. T. 

D 2 
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peat deposit underlying Belfast:^ while another instance in the 
South of Ireland is furnished by the Estuary of Wexford, of which, 
through the kindness of G. H. Kinahan, Esq., M.R.LA., I am in 
possession of some details showing that recent oscillations have been 
going on thero to a great extent. Around the coast, submerged bog 
is common, and in the Estusuy itself the following section is noted 
by him : f — 

"North Mudlands, Wexford Estuary, at the Engine House at 
the ancient island called * The Ridge.' 

Ft. In. 

4. JxL&Tl „• aa« .*• ... .«* ••• **. ^^ " 

0» Xcab ••• •• ••■ *«• •■« •■• •>. W V 

2. Grey muddy stuff 1 5 

^m jXA,%XlL ••• ••• ••• .'•■ ••• ••• ••• 

" The top of the marl, No. 4, is a few fathoms (about four) below 
average high-water mark. This section was procured while sinking 
the foundation of the Engine House." 



YII. — ^The Elevated Shell-bearing Gravels near Dublin. By 

Rev. Maxwell Close, M.A., F.G.S. 

[Read 8th January, 1873.] 

The elevated Drift deposits near Dublin have been brought 
under the notice of the Society by other observers. The late Mr. 
John Kelly has described in our Journal (Vol. VI. p. 133) part 
of the gravels which form the subject of this paper; including 
the collection at Caldbeck Castle, 1300 feet above the sea. I 
have already mentioned before the Society (in 1867) the fact of 
having foimd marine shells in the Pleistocene gravels near Dublin, 
at heights of 1000 and 1200 feet above the present sea-level ;j 
but I did not wish to offer a paper on the subject until I had 
collected what might seem sufficient materials for one. These shells 
are not only in a very fragmentary condition, but also scarce, so 
that they easily escape notice; and it is necessary to pay several 
visits, at sufficient intervals, to the few places where the shells are 
accessible, in order to obtain from thence even a limited collection 
of determinable species. 

The gravels now in question belong to the " limestone gravel " 
of Ireland, and occur on the sides, or in the immediate vicinity, of 
the hill mass, the best known of whose prominences is named the 
Three-Rock Mountain — part of the N.E. end of the Wexford, Wick- 
low, and Dublin granite range. Ballyedmonduff is on the S.E. side 
thereof, on the road leading from Stepaside to Glencullen. A little 



* Mr. J. Grainger, 22nd Eeport Brit. Assoc, 1852, p. 42. Also Ex. pi. Memoir 
(Sheet 36), Geol. Surrey, Ireland, p. 38. 

t MS. note. 

J These are noticed in Jukes's " Manual of Geology, edited by Prof. Geikie ; by 
Prof. Harkness in the Geological Magazine, Vol. VI. p. 646 ; and in Sir C. Lyell's 
*< Student's Elements, of Greology,*' where, however, they are placed in the Co. 
Wexford, and in the Pliocene formation. 
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below, and N. of, the highest point of that road, on the E. side of 
the road, just opposite Ballyedmonduff House, and at the elevation 
of just 1000 feet, is a gravel-pit which has yielded the shells given 
below. The distinctly-shaped mound, or mamelon, in which the 
pit is dug, is chiefly composed of clean stratified gravel and sand ; 
it is part of a great collection of Drift which extends into the S.E., 
or Ballyedmonduff, bosom of the above-mentioned hill mass, and 
over the slight col at the highest point of the road leading to Glen- 
cullen ; at which latter place it (the gravel) is of very considerable 
depth. In the said bosom the gravel maintains, at its upper edge, 
an elevation of about 1100 feet, for some distance; and spreads 
thinly over the hill-spur, marked on the map 1103 feet. 

Shells at Ballyedmonduff, 1000 feet. — Trophon muricatus C, 
Fmus ? (part of columella), Turritella communis CN, Ostrea edulis C, 
Pecten (two species), Cardium edvle, G. echinatum, Astarte compressa 
CN, A. elliptica CN, A. sulcata CN, Cyprina Islandica CN, Artemis 
lincta CN, Veims striatula, V, casina C, Zutraria elliptica, Mactra 
stultorum ?, Tellina ?, Mya truncata ? CN, Fholas crispata C, Balanus 
halanoides CN, Small shetl-horing Annelid (perforations of). 

The species, as also those named below, were determined by Mr. 
W. H. Baily and Dr. Carte. Those marked C are characteristic of 
the Celtic province of marine fauna {Venus casina is thus marked, 
although occurring exceptionally in the Mediterranean ; as Edward 
Forbes believed it must have attained access thereto during the 
Glacial submergence). Those distinguished with CN are charac- 
teristic of Celtic and Northern European seas ; or of the northern 
part of the Celtic area. 

The remains af the house called Caldbeck Castle stand westward 
of the Three Bocks, on the col above Ticknock, which connects 
Kilmashogue Mountain with the rest af the said hill mass. About 
one furlong S. of the ruins is a pit, in clean gravel and sand, at the 
elevation of a little over 1,200 feet (slightly higher than the shell - 
bearing gravels near Macclesfield, described by Mr. B. D. Darbi- 
shire, E.G.S.,** Memoirs of Lit. and Phil. Soc. Manchester, vol. iii. 
1868), which has yielded the following species. 

Shells near Caldbeok Castle, 1200 feet. — Fasus'^ (part of colu- 
mella), Cardium ecMnatum, Cyprina Islandica CN, Venus striatula, 
V. casina? C, Mactra stultorum, Small shell-baring Annelid (perfora- 
tions of). 

A little below, towards the S.W., in the bosom between the 
Kilmashogue and Tibradden hill spurs, Cyprina Islandica and other 
shell fragments can be found near the stream, at just 1000 feet. 
In the Killakee valley running up between Tibradden Hill and 
Killakee there is an immense irregular accumulation of Drift. In 
two gravel-pits near the wood where the Ballybrack road enters 
that valley, and at the height of 850 feet, were found, among other 
shell fragments, portions of Cyprina Islandica and Cardium echinatwm. 
And near the head of that valley, beside the road, among some trees, 

* See Gbol. Mao. 1865, Vol. II. p. 293, with table of shells. 
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and not far from where the military road passes, at the height of 
just 1200 feet, there is a pit which yielded a few fragments, of 
which only Cyprina Islandica and Astarte ellipiica are recognizable. 
And finally, a little below, and S.E. of, the summit of Montpelier 
Hill, at the elevation of a little over 1200 feet, there is a long-dis- 
nsed and much grass-grown gravel-pit, in which one indeterminable 
shell fragment was found. This pit is four and a half miles from 
that first mentioned. 

It is to be observed that, though all the above individual species 
live now in the neighbouring seas, yet, as a group, they present a 
rather more boreal fades than those of the present coasts, and than 
those of the low gravels, as a group (see paper by Prof. Oldham, 
Joum. Geol. Soc. Dublin, Vol. III. p. 131), and a decidedly less 
northern fades than the much larger collection of Drift shells from 
Moel Tryfaen, at 1360 feet elevation. However, it would be scarcely 
pnident to found any argument on the limited induction that we have 
been able to make. Two other points seem worthy of notice, though 
they may be but accidental : viz. that of Cardium edtde, which occurs 
so frequently in the gravels at lower elevations, near Dublin, only 
one fragment has yet been recognized in the higher accumulations ; 
and also, that but three univalves have been found, although shells of 
that class must be generally better able, than others, to withstand 
rough usage, and therefore more capable of handing down determin- 
able fragments. Pieces of Cyprina Islandica are the most com- 
mon, evidently on aocoimt of the thickness and strength of that 
shell. 

What then is indicated by the occurrence of marine Drift shells 
in those elevated situations in our neighbourhood? Not as much 
as might, perhaps, be supposed on first thoughts. We did not need 
their presence to assure us that the sorting and stratification of those 
elevated gravels and sands was effected by the sea; for, as Mr. 
Kelly has pointed out in his paper, it is utterly impossible to refer 
that to any other agent. And, moreover, those shells do not give 
us any information as to the character of the marine fauna of this 
district when the sea covered it so deeply. The gravel, etc., in 
which they occur is ** limestone gravel " (with a slight sprinkling 
of granite stones), resting on granite hills; this has been carried 
thither from elsewhere; and the smashed condition of the shells, 
and the fact that those fragments, which are large enough to show 
it, are often well scratched, like many of the pebbles among which 
they lie, lead to the conclusion that those fragments form, as it 
were, part of the gravel and have been carried thither along with 
it, and that, therefore, the animals did not live and die where their 
remains are now foimd. (It would seem from the descriptions, 
especially by Mr. D. Mackintosh, F.G.S.^of the Moel Tryfaen gravels 
and shells, that the same has been the case with the Drift shells of that 
place.) This conclusion is strengthened by the consideration that, 
when the sea was up at the level of the site of Caldbeck Castle, the 
ground would fall steeply down from the very shore-line in all 
directions to a great depth ; and several at least of the above shells 
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would be without sufficient platform, or suitable habitat, for their 
subsistence. 

But how were the limestone gravels and the shells carried to their 
present positions on the granite hills ? Let us note that only a very 
small proportion of the gravel stones exhibit signs of water-rolling ; 
they are generally subangular; many are greatly scratched (these 
occur more usually in the upper parts of the gravel), and some are 
quite angular. Again, at Caldbeck Castle, the nearest part of the 
limestone ground is 2f miles distant, and 900 feet lower down ; and 
at Ballyedmonduff pit the nearest part is 4J miles distant, and 800 
feet lower down ; yet the proportion of limestone and other foreign 
pebbles, etc., in the gravel at those places is at least 99 per cent. It 
seems utterly impossible that that gravel could have been swept 
thither by water, along the surface of the ground, for at least those 
distances, and up-hill too, without having its pebbles nearly all 
rounded, and without picking up vastly more than one per cent, of 
granite stones. Again, at Ballyedmonduff pit there is, in one part 
of the large irregular excavation, and in the upper part of the 
section, a mass of earthy clay packed with blocks of limestone and 
grit, some as large as a man's head, and all greatly scratched ; this 
looks almost exactly like true Boulder-clay (it probably belongs to 
the Upper Boulder-clay), and it overlies fine gravel and sand (all 
this is now much obscured by some trees having fallen and torn 
down the pit escarpment). Any rush of water that could have 
carried those stones along bodily, without rolling them, could not 
have deposited the fine materials on which they He, and must have 
swept away those fine materials, if they had been already there. 
Since rushing water is out of the question, as the transporting agent, 
and also, as will be generally conceded, land-ice, for somewhat 
similar reasons, we seem compelled to believe, as Mr. Kelly did, that 
the gravels in question have been transported by floating-ice to their 
present situations (apparently from a north-westerly direction). 
The blocks of local granite, weighing sometimes up to 20 tons, 
which usually lie on the top of the (limestone) gravel, in places to 
which they could not have fallen or rolled, must have been left 
there by floating-ice ; but this may have been local and more imme- 
diately connected with the hills. 

The upper limits of these gravels are clearly not raised beaches. 
Yet on the south-east side of the Three-Kock Mountain, in the 
Ballyedmonduff bosom, there is an approach to a horizontal upper 
boundary, at the height of about 1100 feet, extending for about a 
mile ; and about Caldbeck Castle and the head of Killakee valley, 
on the other side of the hill mass, a less near approach to such a 
boundary, at 1200 to 1300 feet, extending for two or three miles. 
Of course the upper limit of the gravel, as worthy the title of a 
deposit, does not necessarily indicate the greatest depth of the sub- 
mergence in the glacial sea. Above that limit many pieces of foreign 
material can be found, almost to the summit of the Two-Eock 
Mountain, at the height of about 1760 feet. 
. As to the correlation of these high-level gravels with those on the 
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low grounds — ^it seems impossible^ at present, to ascertain their precipe 
relations, from direct observation. Speaking roughly, they both 
evidently belong to the same formation, viz. the Pleistocene " middle 
sands and gravels," lying below the Upper, and above the true or 
Lower Boulder-clay. But, considering the most probable mode of 
transport, and the fact that the submergence of the low grounds must 
have begun sooner and ended later than that of the high grounds, 
we may perhaps conclude more definitely that the elevated gravels 
are contemporaneous with some of the middle parts of the low 
gravels. 

Becapitulation (in different order). — 1. The elevated gravels are 
Pleistocene, and probably contemporaneous with some of the middle 
parts of the low-level gravels. 2. They have been carried to their 
present position by floating-ice. 3. The contained marine shells 
have been brought along with the gravel. 4. Therefore the animals 
to which the shells belonged lived and died somewhere else, towards 
the northwest, and that very possibly before the time when the sea 
was deep enough to deposit the elevated gravels. 5. The shells, as a 
group, if we may venture to judge from so small a collection, point 
to rather more boreal marine conditions than now obtain in this 
region ; although they are all to be found now inhabiting the neigh- 
bouring seas. 



Vlll. — ^Ebmarks on the Paubozoio EcHiNiDJSj Faljschinus, and 
Abch^ocidabis. By William Hbllibr Baily, M.K.I.A., etc. 

[Read 8tli April, 1874.] 

On two previous occasions, March 9th, 1864, and April 12th, 1865, 
I communicated to this Society some new facts I had discovered, 
in relation to the structure of Palcechinus. 

I propose now to supplement the remarks on that genus, and of 
Archeeocidaris, with some additional notes on these PalsBOzoic 
EchinidsB. 

In the " Synopsis of the Carboniferous Fossils of Ireland," pub- 
lished by Sir Eichard Griffith, Bart., Professor McCoy enumerates 
five species of Palcechinus, namely, P, elegans, McCoy ; P, ellipticus, 
Scouler, MS. ; P. gigas, McCoy ; P. (?) Konigii, McCoy ; and P. 
sphcericus, Scouler, MS. Figures being given of all these species. 

Palachinus Konigii is described from a single central plate only, 
the others, with the exception of P. gigas, are from nearly entire 
specimens. 

In one of the communications I have alluded to, I described and 
figured the apical disk, spines, and perforated tubercles in Paleechinus 
elegans, one of the most abundant species in the Lower Carbonifer- 
ous Limestone of Hook Head, parts not before noticed in any of 
the species. 

Four years after the publication of this discovery. Professor De 
Koninck described and figured in the '^Bulletins de TAcademie 
Boyale, Belgique," series 2, tome xxviii. pp. 67-66 (1869), a speci- 
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men of Pdlachinus spharictiSf from the ooUection of Mr. Edward 
Wood, of Eichmond, Yorkshire, found in the Carboniferous Lime- 
stone of Kirkby-Stephen, Westmoreland. This he states to be " re- 
markable, on account of the presence of the apical plates, which 
are well preserved, and which have not yet been seen in any other 
specimen of the same genus." The figure he gives shows only the 
five genital plates. Four of them he describes as "identical, each 
being perforated by three rounded and well-marked pores. The 
fifth plate differs in form from the other four, and has only a single 
pore placed nearer the border of the anal aperture." He observes 
also that " the specimens examined by him do not show any trace 
of ocellar plates." 

The priority of my discovery of the apical disk of FaloBchinus 
elegans several years before was evidently unknown to Professor 
De Koninck, our fossils showing, in addition to the ^yb genital, four 
of which are perforated by three pores each, as in the specimen 
described by him ; five ocular plates, each with a double perforation, 
and two inner circles of sur-anal plates. 

The fine typical specimen, Falcechinus gigas, McCoy, in Sir 
Eichard Griffith's collection, from Lower Carboniferous Limestone 
Shale, Eaheen, Co. Donegal, is a portion of the test of this large 
species, showing part of one of the ambulacral areas, with its 
numerous plates, to which is attgwhed three imperfect rows of inter- 
ambulacral plates composed of seven, six, and five plates each, 
nearly half an inch broad (Plate III. a.). Doubled over on the reverse 
side of this fossil are two other rows of similar inter-ambulacral 
plates, six and seven in number (Plate IIL 6.), which appear to have 
been originally attached to the opposite margin of the same ambu- 
lacral area, the adjoining plates on both sides of the ambulacra 
being pentagonal, and the intermediate rows hexagonal. 

It is from this specimen Professor McCoy has given the restored 
figure in the Synopsis (Carboniferous Fossils of Ireland, plate xxiv. 
^g, 4). Although there is no actual foundation for as many as six 
rows of inter-ambulacral plates, it is possible he may have been 
correct in the supposition that it possessed the same number as in 
PalcBchinus spheericus. 

Having had an opportunity, through the kindness of Sir Eichard 
Griffith, of making a careful drawing and minute examination of 
this specimen (Plate III. a.-d,), I am enabled to show some 
points of its structure which have been omitted in the published 
description, and others incorrectly represented. In the plate before 
referred to (Synopsis Carboniferous Fossils) the enlarged outline, 
fig. 4 c, is entirely incorrect. The number of ambulacral plates to 
each inter-ambulacral plate is shown on this figure to be only six, 
whereas there are about 13, at least twice the number. Each of 
these ambulacral plates is covered by a row of five or six perforated 
tubercles, surrounded by eight or ten smaller tubercles. These 
perforations, and the surrounding tubercles, are not shown at all 
in the enlarged figure of an hexagonal plate (6.), the tubercles 
being represented imperforate, surrounded by a continuous ridge. 
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and of too large a size in proportion to that of the plate, which is 
also incorrect in shape. 

Each of the ambulacral plates is 'perforated by a pair of pores 
only. In figure c, before referred to, two pairs are represented. This 
is clearly an error. The arrangement, a remarkable one, is the fol- 
lowing. Every alternate plate being expanded at its junction with 
that of the inter-ambulacra, the intermediate ones are consequently 
shorter; nevertheless each bears a pair of pores, which are so ar- 
ranged as to form a zigzag series, as shown on the enlarged outline 
of a portion of the ambulacra, with its connected inter-ambulacral 
plate (Plate III. c). 

The inter-ambulacral plates are covered by about 14 rows of 
perforated tubercles, similar to those of the ambulacra, surrounded 
by 8 or 10 smaller ones (Plate III. d.). 

Of the genus Archaocidaris, McCoy, 1840 (Cidaris, Phillips, 
1836), six species are enumerated from British strata, five of them 
from Carboniferous and one from the Permian. As these species are 
all defined from detached plates and spines only, they are in con- 
sequence scarcely satisfactory. 

These detached plates of Archtsocidaris, from their six-sided form, 
were also like the Paleechinua, evidently aiTanged in more than a 
double series. They have usually one large perforated tubercle 
surrounded by a strong circular ridge, and corresponding depres- 
sion. Beyond this is a slightly raised ridge, also surrounding the 
tubercle, from which radiate raised stri89 and granulations. 

The spines are about two inches long, perforated at the base for 
the attachment of the ligament, and covered by longitudinal rows 
of irregularly arranged murications. 

The very interesting fossil discovered by Mr. William Harte, 
C.E., County Surveyor of Donegal, and partially described as a 
new UcMnoderm, but not named, in a paper read before this Society 
April 13th, 1864,* may I consider be (provisionally, at least) in- 
cluded in the genus Archaocidaris, to which it is more closely 
related than to FalacJiinm, This specimen, liberally presented by 
Mr. Harte to the Museum of Trinity College, I have, through the 
kindness of the Rev. Dr. Haughton, re-examined. 

It is a cast or impression in calcareous grit, belonging to the 
Lower Carboniferous formation, and is the only example known of 
Archaocidaris f in which the parts retain their original form and 
connexion with each other. The alternation of tubercled and non- 
tubercled plates are characters not before noticed in Archaocidaris, 
perhaps because the plates have never hitherto been found con- 
nected ; and when detached from each other, those without tubercles 
are very likely to be mistaken for plates of Palachinus, 

I propose to name this fine and well-preserved fossil, in honour 
of its discoverer, Archaocidaris Harteiana (Plate IV.). 

The test or shell is subglobose, 2| inches in diameter. 
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The apical disk (shown enlarged, Plate IV. b.) is composed of the 
usual number of five genital plates (cinquefoil in shape) . Four of 
these plates bear a large tubercle, round which, in a semi-circle, 
are six perforations (not 16, as Mr. Harte describes). The madre- 
poriform plate is apparently covered by granulations only. The 
ocular plates were small, and are too obscure for description. 

The ambulacral areas are sinuous, the plates composing it are in 
the proportion of about six to one of the largest inter-ambulacral 
plates. Eaoh plate bears one perforated tubercle, forming a central 
ridge on each side of the median line. The poriferous openings 
occupy a wider space, and are arranged in diagonal rows of three 
oblong circles bearing a pair of pores each. 

The inter-ambulacral areas are composed at the widest part of 
five rows of irregularly arranged pentagonal and hexagonal plates. 
The number of rows decreases towards the apical disk, until they 
are reduced to two small plates only. Every alternate plate on the 
rows next the ambulacra bears a large perforated tubercle, sur- 
rounded by a circular ridge and depression, as in A. Urii, Much 
smaller tubercles or granules cover the remainder of the plate, as 
they do also the alternate and intermediate ones. An enlarged re- 
presentation of a portion of the ambulacra and adjoining inter- 
ambulacral plates is shown on Plate IV. c. 

Oeological Formation. — Lower Carboniferous, Calcareous Grit. 

Locality. — Western shore of Lough Eske, about six miles from 
Donegal. 

EXPLANATION OF PLATES. 

Plate III.— a-^. Paljbchinus gigas, McCoy. 

a. Group of portions of three rows of inter-ambulacral plates, con- 

nected with a large part of one of the ambulacra. Natural 
size. 

b. Opposite side of the same specimen, showing portions of two rows 

of inter-ambulacral plates, originally connected with the same 
ambulacra (at x x), but now doubled over. Natural size. 

e. Portion of ambulacra and connected inter-ambulacral plate. En- 
larged three diameters. 

d. One of the tubercles, with surrounding smaller tubercles (much 
enlarged). 

Lower Cabbonifebovs (Limestone Shale), Raheen, Co. Donegal. 

„ IV. — a, J, e, Abchjbocidabis Habteiana, Baily. 

a. Genital surface, from a cast in plaster of Paris taken from the 

original mould. Natural size. 
h. Apical or genital disk. Enlarged to twice natural size. 

c. Part of ambulacra and connecting inter-ambulacral plates. Twice 

natural size. 

LowEB Cabbonifebous (Calcareous Grit), Western shore of Lough 
Eske, near Donegal. 
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IX. — On the Miorosoopio Steuoture of the Lambay Porphyry 

(or Porphyritb). By Professor Edward Hull, M.A., F.E.S., 

President E. G. S. I. 

[Read 13th April, 1874.] 

This very handsome rock forms almost the whole surface of the 
Island of Lambay and of the adjoining coast, a few miles to the 
north of Dublin Bay. It is also laid open in the railway cutting at 
Donabate Station ; and has received considerable notice owing to its 
intrinsic beauty as an ornamental stone, and its proximity to the Irish 
metropolis. 1 am informed by Eev. Dr. Haughton that he has iden- 
tified specimens from the tessellated pavement of St. Kevin's Church, 
Glendalough, of the seventh century, which were submitted to his in- 
spection by Sir W. Wilde. A polished table, together with a large 
block presenting two sides cut and polished, are placed in the 
gallery of the Eoyal College of Science in St. Stephen's Green; where, 
to those familiar with the marbles of Italy and Greece, the appear- 
ance of these specimens cannot fail to recall the green porphyry 
(Marmor Lacedamonium viride) so largely used in ancient decorative 
works of art, and often reset in modern ones, the source of which is 
in the neighbourhood of Sparta and Marathon.* The two rocks, how- 
ever, though resembling each other in appearance, are essentially 
distinct as regards mineral composition, M. Delesse having proved 
that the Grecian porphyry contains augite as an essential, and is 
apparently a porphyritic basalt, while the Irish porphyry is altogether 
destitute of this mineral. As regards geological age, the Lambay 
porphyry appears to have been intruded amongst the Lower Silurian 
rocks at a period antecedent to that of the Old Bed Sandstone, f as 
this latter formation overlies the porphyry without appearing to have 
imdergone any alteration along the surface of contact4 

The appearance of the porphyry is locally variable; but in its 
normal condition it consists of a dark green base, ificlosing numerous 
pale green crystals of felspar. These crystals are of various sizes up 
to an inch in length. Occasionally there are cavities inclosing seg- 
gregations of chalcedony, epidote, chlorite, or calcite, which also fill 
in little veins and fissures in the rock itself. In some places it is 
highly vesicular, the cells containing flesh-coloured calcite. The late 
Professor Jukes and Mr. Du Noyer appear to have considered the 
rock to be hornblendic — attributing the dark colour of its base to the 
presence of this mineral ; and on the Maps of the Geological Survey 
it is named and coloured as " Greenstone Porphyry." But the thin 
translucent slices, one taken from Lambay Island, and the other from 



* E. Hull, *' Building and Ornamental Stones of Great Sritain and Foreign 
Countries," p. 73. 

t Maps of the Geological Survey, Sheet 102, with Explanation by Messrs. Jukes 
and Du Noyer. 

X It is represented in a similar manner in Griffith's Geological Map of Ireland. 
Edit. 1855. 
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Portraine, fail tinder the microsoope to reveal this mineral ; while, 
on the other hand, they show that the dark colouring of the base is 
due to its being highly charged with minute crystalline grains of 
magnetite, together with which is a little chlorite, imparting the 
greenish tinge to the rock. 

While, therefore, from the character of the rock, it is by no means 
improbable that hornblende occurs as an accessory in some places, 
yet on the whole it ought to be regarded as a felstone porphyry ; or, 
to adopt Naunann's term for the quartzless varieties of porphyritio 
felstones, " a porphyrite,'* ** We shall now proceed to consider its 
microscopic structure in detail, beginning with the base. 

The Base, — When a thin slice is examined with a moderate power 
(magnifying from 24 to 100 diameters), the base is seen to consist 
of a colourless felsitic material, amorphous, but sometimes containing 
long minute felspar crystals. Throughout this base small black crys- 
talline grains of magnetite are distributed in immense numbers, often 
so small as not to come into sight till viewed with a high power. 
Along with the magnetite, a mineral which I take to be chlorite is 
abundantly diffused in the form of light green clouds, or else filling 
up along with calcite cavities and minute fissures. The dense and 
dark appearance of the base is therefore evidently due to its being 
charged so fully with magnetite, while the greenish tinge is due to 
the green structureless mineral which is more or less generally dis- 
tributed throughout the felsitie base ; and which, in all probability, 
is chlorite. 

Orthoclase crystals, — These are abundant, and sometimes well 
formed. They frequently occur in pairs, sometimes in threes, less 
frequently in the form of a cross. They vary in size from half an 
inch downwards. In colour they are pale green, mottled white, and 
under the microscope are seen to be traversed by cleavage planes and 
fissures in various directions, altogether different from the fine parallel 
lines and bands which characterize the triclinic group of felspars. 
Occasionally, however, a banded structure parallel to the sides of the 
prism is observable in some of the crystals displayed on the polished 
block in the Gallery of the College of Science. 

Magnetite. — Small black grains of magnetic iron-ore are so abun- 
dantly distributed throughout the base as almost to obscure it, unless 
the slice is exceedingly thin. Along with these are also occasionally 
larger perfect cubes, showing well-defined angles of 90® as estimated 
by the eye. It is remarkable, however, that it is only at rare inter- 
vals that a crystal of magnetite becomes enveloped in one of the fel- 
spar crystals, from which it may be inferred that these latter were 
consolidated while the iron remained dissolved throughout the ma- 
terials from which the base was ultimately formed. 

Very singular, however, is the manner in which these magnetite 
grains are arranged around the interior of some smaU ceUs, as shown 
in Fig. 1. Here they assume a stellate, or plumose arrangement. 



• B. yon Ootta's " Lithology," English Version, pp. 168-9. 
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bruiofamg out from certain ooatres placed at iatervaU around the 
sides of the original cell, now filled in with chlorite and oalcite. 
This atmotare I r^ard as due to polarity, the magnetite grains 
having arranged themselves side hy side somewhat in the manner 
in which steel dnst will arrange itself between the opposite poles of 
a magnet Dr. Reynolds, however, suggests that ihs structure is 
similar to the dendritic form assumed hy manganese ore between the 
laminte of sandstone or shale, aod which he has shown to be due to 
electric force. In this case he supposes the cleavage planes of the 
oalcite to have afforded the necessary conditions. 




Fio. 1. — Cell in the poiphyry lined irith chlorite and filled with calcite. Several 
Btellate prominenDes formed of minute graini of m^nedte project from the 
walk of the cell into the iulerior, and are imbedded in calcite. Msg. 2S diama. 

Chlorite. — This mineral is abundantly disseminated throughout 
the base. It also occurs in small irregular grains, or (along with 
calcite) fills in cracks and cavities in the rock. It is of a pale leek- 
green colour, structureless, but often inclosing minute cells, probably 
gas or air bubbles, as shown in Fig. 3. It is to be presomed that 
3iia mineral is in every case of secondary origin, and is not directly 
the product of igneous fusion. It baa therefore been introduced by 
the agency of water, which has permeated the whole mass of the 
rock through channels inconceivably narrow, and which can only be 
revealed by the aid of a high microscopic power. In the section of 
the cavity (Fig. 1) which has been filled in by this material and 
calcite, the chlorite forms a partial lining, interposed between the 
walls of the cavity and the calcite which fills the interior, so that it 



HULL — STBUOTUSE OP POBPHTBT. 



47 



is probable the clilorite was the first of these minerals infiltrated into 
the mass of the rock. 



Fig. 2. 



Fig. 3. 




Fio. 2. — Gronp of orthoclase crystals imbedded in the felspathic matrix, darkened 
by grains of magnetite. Mag. 25 diams. 

Fig. 3. — Cavity filled with chlorite showing cellular stnictore. Mag. 65 diams. 
b. Cell in chlorite. Mag. 400 diams. 

Caldte,— The calcite, which is very abundantly diffused through-' 
out the porphyry, occurs chiefly in fissures, often extremely minute, 
and in the cells, which were probably filled originally with gas or 
steam. It is always in a crystalline state, and under the microscope 
the lines corresponding to the cleavage planes of the rhombohedron 
are clearly developed. With polarized light, the calcite exhibits as 
usual the faint and delicate pearly or opalescent play of colours, 
amongst which a pale smalt blue is the most easily recognized. 

The calcite is unquestionably due to infiltration ; and its abundance 
may with great probability be attributed to the Carboniferous Lime- 
stone of the district, which must once have overspread and covered 
up the rocks of Lambay and Portraine, which have since been 
brought to light by the denudation of the limestone. It is easy to 
conceive that water percolating downwards through the limestone 
and the thin coating of Old Bed Sandstone beneath would become 
strongly impregnated with carbonate of lime, which it would deposit 
amongst the fissures and cells of the older rocks beneath. 

Along with the minerals here described are also to be found 
crystals of pyrites ; and the order in which the different minerals 
seem to have been formed is as follows : — ^First, during consolidation, 
the crystals of orthoclase; next, the crystalline grains of magnetite; 
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and lastly the felsitio base itself. Then, after oonsolidatioa, 
ohlorit«, and oalcite, and pyrites. 

In fine, it may be said with truth, that but for the aid which the 
mioroscopio examination of thin alices of this rock afibrda, it wotild 
have been impoBsible to have arrived at a oorreot judgment regarding 
its mineral compoBition. 

Fw, : 




/. V 
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X. — ^Ain<rtvERSA:ET Abdeess deliveeed befobe the Royal Geologi- 
(JAI. SoCTETT OF Ibeland by the President, Professor Ebwabb Htjll, 
M. A., P.R. S., r. G.S., Director of the Geological Surrey of 
Ireland. 

[Read February 11, 1876.] 

Oentlemek, — ^The recent number of the Transactions of the Royal 
(Geological Society of Ireland bears evidence that the Fellows of 
the ^ciety have not been backward in geological investigations during 
the past year. .Yet it seems to me, considering the number of Fel» 
lows, and the largeness of the field, that more might be done in the 
way of producing original papers; and with a view towards direct- 
ing future research, I take this opportunity of pointing out some 
of those subjects on which further observations seem desirable. 
Amongst the first, I shall name Ciwe Exploration, On this branch 
of investigation, which has been pursued with so much zeal and suc- 
cess in England, Belgium, France, and on the shores and isles of the 
Mediterranean, it is admitted that we in this country are very much 
behind-hand. The prevalent belief is that the cave fauna of Ireland 
is very restricted,: and that, in consequence of the insular position 
of the country, and its westerly remoteness from the European centres 
of distribution, the mammalia of the Pest-Tertiary period seldom 
extended their range to this Ultima Thule of the European continent. 

This may, or may not, be true ; in all probability it is true to . 
a certain extent with regard to many of the extinct quadrupeds of 
France, Belgium, and England ; while, on the other hand, this coun- 
try is notably rich in the remains of, at least, one noble species 
of deer — rthe CervtM Megaceros. The existence of the remains of the 
mammoth {JEUphas primigmiu8\ and a few other extinct animals, 
proves that, some portion of the Post-Tertiary fauna of the European 
area did migrate thus far ; and it still remains to be determined to 
what extent this migration took place. For a record of the disco- 
veries hitherto made we are indebted,^ amongst others, to Professor ^ 
Harkness, F. R. S.,* and Mr. Robert' H. Scott, F.R. S. ;t and as' 
their observations are so specially suitable to be embodied in the 
pages of our Transactions, I reproduce them in brief here for the 
guidance of future observers. 

Professor Harkness mentions three localities where the remains of 



* " On the Occurrence of Elephant Bemains in Ireland." Geological Magazine, 
vol. yii., p. 263. 

t '* Catalogue of the Mammalian Fossils which have been hitherto discovered 
in Ireland." Ibid., p. 413. Also Appendix to Annual Report for 1864 of the Geolo- 
gical Society of Dublin, February 10, 1864. 

JOtTRN. R. O. S. I. — ^VOL. IV., N. S. B 
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the mammotli have been found. The first at Maghery, near Belturbet, 
on the borders of Monaghan and Cavan, in the year 1715, consisting 
of four molar teeth, two large, and two small, together with which 
.was a portion of the lower jaw, containing one of the teetb^ and 
a portion of the skull, which fell to pieces on being exhumed.* 
These remeins appear to have been preserved in a small lacustrine 
deposit. 

The second case is that of the rib and other bones of an ele- 
phant, discovered in a cave near Whitechuroh, six miles from Dun- 
garvan, along with, apparently, the skull and antlers of a reindeer ; 
bU, of which have "mifortunately been destroyed. It ii xi^t to 
obs^re, however, that the rib refen^ed to was considiared by I)r« 
Oldham to be that of a whale, thou^ elephant remains ai^ prG^aably 
present in the cave. It is very importaiit that this c«ve should be 
further explored. 

The third discovery recorded is that wHch was made in 1859, 
also in the neighbourhood of Bungarvan, county Waterford.f The 
locality is Shandon, the remains having been found by workmen 
when opening a limestone quarry for road material, and whidi were 
collected by Mr. Brenan, a resident in Dungarvan. They are now in 
the museum of the Eoyal Dublin Society, imd have been determined 
by Dr. Carte as appertaining to the mammoth, cave bear, brown bear, 
reindeer, horse, and hare, and one as a portion of tide humerus of a bird. 
These remains occur in a breccia, formed of limestone fiagmentSy 
cemented by carbonate of lime and stalagmite, filling a fissure, 
which traversed the rock below the surface. The cave and hi£ccia 
were to some extent explored by Professor Harkness^ with the assistance 
of Professor A. Leith Adams, E. B. 8., at that time quartered with the 
22nd Begiment in Ireland, but who now holds the position of Pro« 
fessor of Zoology in the Eoyal College of Science, DubHn, and who, 
from his experience in cave exploration, is well qualified to carry out 
the exploration of the Irish eaves. The abundance of ihe remains in 
the Shandon breccia is evinced by the fact that within the space ef 
little more than a aquare yard, £,ve elephant's vertehrsd, p(»Hions 
of five elephant's ribs and fragments of the metacarpal and metatarsal 
bones of the reindeer, were found by these explorers. Professor 
Harkness, from the state of the bones of the mammoth, believes tiiiat 
tiie animal died on the spot ; and, along with the other ftTirmftla, 
whose remains weie found, took refuge in the cave when death 
was approaching. Besides the xczoams of the mammoth, bear, aa4 
reindeer, those of the wolf also occur at Shandffli. Purther expioxa- 
tions in this district are also much to be desired. 
^ The following is the list of extinct mammalia which has been 
drawn up by Hr. Scott in the pi^per already referred to. The author 
also gives details regarding the occuirence of each species : — 



^ PldloBopliical TraoBactioitt, vol. zziz. 

t These are recorded by Sir C. Lyell, " Antiquity of Man," 41h edit, p. 322. 
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1. Ursus orctos. 

2. TJ. spelsens. 
d. TJ. maritinitis. 
4. Canis lupus. 

6, Elephas [primigenius]. 

6. Hippopotamus. 

7. Sus scTofa. 

8. Bos longifrons. 



9. Bos frontosuB. 

10. Cervus alces. - 

11. C. elaphuB. 

12. Mcgaceros Hibemious. 

13. Tarandus rangifer [reindeer].* 

14. Ovis. sp. iQC. 

15. Cetaceans. 



To the above may be added Ursus ferox. Part of tbe skull 
of Ursus ferox (fossilis), obtained from the Lough Erne Canal by 
the Earl of EnniskiUen, is in the museum of the Eoyal Dublin Soi- 
ciety ; also of the brown bear ( U, orctos), obtained by Mr. Gray, 
at Leinster Bridge, county Kildare. Some of these animals havo 
only disappeared within recent times. Dr. Scouler, in a paper 
read before this Society in 1836, gives a list of the animals that 
have disappeared within the period of authentic history, or since 
the twelfth century, which includes the martin, the wolf, the wolf-dog, 
the wild boar, the red deer, and several species of birds.f 

Another instance of the occurrence of an elephant's tooth, near 
Carrickf ergus, is recorded in the annexed letter from my friend. Dr. 
Moore, director of the Botanic Gardens, Glasnevin. J 



* See Dr. Carte's paper on " The Bemaizifl of the Eeindeer whioh have been 
found fossil in Ireland. Joum. GeoL See., Dublin, vol. x., p. 103. Also by tihe 
same Author, on " The Bemains of the Polar Bear in Irelwid.*' Ibid., vd. x., 
p. 115. 

t Joum. Oeol. Soc., Dublin, vol. i., p. 224. 

J " JRot/al Dublin Society Botanic Gardens, GUsnevin^ 

" January 23, 1876. 

" My dsab Sib, — In reply to your note having reference to the elephant's tooth 
found in county Antrim, I have to stat^ that during the year 1837 1 had rooms in the 
Infantry barrack, Belfast, in which to arrange and name the specimens of Natural 
Hiidtory. On fhy staft of assistants I had the eldest son of Patrick Doran, the 
minfioralogist, who collected in the neighbourhood, while I was arranging and naming. 
He Srou^t me in one day the elephant's tooth in question, which he 9ta4M was give|i 
to him by a man living near the place, who saw him collecting. The man told him 
that, about a year previxms, he was going up the glen, and saw the tooth sticking 
•oat of its side, where the water had washed the drift clay, &c., from it. I gave it to 
Ihe late General PortloGk, who was the offloer of the department on whidi I waa 
«mployed. I left the Survey in the following year, 1838, and never heard what 
hecame of the tooth. The place pointed out to me by Doran, where the man stated to 
him h6 found it, was in a deep ravine, leading from a large spinning factory to 
the left of the old castle at Cairickf ergus. This account of the matter will not, I 
•dare say, prove very salasfaotory, but it is all I know about it, or that probably ever 
will be known ! (rener^ Portlock and Doran are both dead, and I suppoia ao is 
the man who found the tooth. It was a very fair specimen, about ten inches lon^y 
-coloured brown by the dehrisamon^ which it had Iain, but ^uite clean when rubbed 
.against a rough surface; ^ 

" Faithfully yours, 

^' Frofetsor Hull, ^., icr " D. Moorb 

£ 2 
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Some of the numerous caves which occur at intervals along the 
Antrim coast, and indicate the limits of the former wave action before 
the formation of tie raised beach, are likely to reward explorers. 
Three of them, .at the Port of Ballintoy, were examined some years 
ago by Mr. James Bryce* (now Dr. Bryce, of Glasgow), in company 
with Dr. McDonnell, and bones were found, which were identified by 
Dr. Scouler as referrible to those of the horse, ox, deer, sheep, goat(?),. 
badger, otter, water-rat, cod-fish, and several birds. Another cave, 
on the west side of Carrickarede Island, yielded bones of horse, 
ox, deer, sheep, dog, cod-fish, skate, and wolf -fish. Dr. Bryce 
considers that the caves were the abodes of man at the period 
when the bones were entombed, and that their presence is due to 
his agency. 

In a country like Ireland, so largely formed of limestone rocks^ 
tiie number of caves and open fissures must necessarily be very great, 
owing to the percolation of underground streams through the cal- 
careous rocks. Of these the fountains by which the waters of Lough 
Mask are poured into Lough Corrib, at Cong, are perhaps the finest 
examples ; but others, almost as remarkable, occur in other parts of the 
country, particularly amongst the limestone hills of Sligo and Fer- 
managh. Some of these underground watercourses are now dry^ 
owing to changes in the courses of the streams, and they are both 
numerous, and often ramify far beneath the surface. Occasionally the 
roof of the cavern, or arch, has given way, and we find deep basins^ 
or troughs, bounded on all sides by solid lunestone, along the bottom 
of which runs a watercourse, emerging at one end, and. disappearing 
at the other. These are to be found all over the district, formed of 
limestone, between Lough Erne and Sligo Bay; and one of the 
caves has yielded the tooth of a horse, of which an account was 
recently given to this Society by Mr. J. Jones, F. Q-. S., who believes 
it to have belonged to the JEquus fossilu of Cuvier. Mr. Jones pre- 
dicts further rewards for the diligent explorer, grounding his opinion 
oil the analogy of the Belgian caverns, which have yielded such large 
numbers of mammalian remains to the late Dr. Schmerling, and with 
which Mr. Jones is himself personally acquainted. But I would 
observe, that the cave-hyaena, and the cave-lion, whose remains are so 
abundant in Belgium, are not as yet known to have existed in Ireland, 
though they, especially the former, were plentiful enough in England. 
This is wotthy of special remark, because all the animals, whose remains 
have hitherto been found, are such as have, or may be supposed to 
have had, to some extent, aquatic habits ; but I am not aware of any 
case in which aTiimalfl of the feline race have been known to take ta 
the water further than for quenching their thirst. 

On the other hand, it is quite conceivable that any of the species 
of bears, wolves, elephants, hippopotami, oxen, deer, boars, &c.> 
named in the list above, may have been able to cross narrow 
channels, either by swimming, or on rafts of ice, from Britain. It is 

♦ Trans. Brit. Association, 1834, p. 658. 
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a matter of certainty that towards the close of the Drift period the 
channel which separates Scotland from the North of Ireland was 
much narrower than at present; and across this narrow channel^ 
with land fuU in sight, the aoimals which sometimes swim may 
have made a passage from Britain, from time to time. This would 
he at period snhseqnent to the general glaciation of the British 
Islands. 

In connexion with the snhject of the Post-Tertiary fauna, I 
wish to call attention to the puhlication of two works, one of which 
was recently exhibited at a meeting of the Society, the "Reliqiii8$ 
Aquitanicse," with descriptions and illustrations of the extinct fauna 
and works of art of the aborigines of Central France, found in the 
caves of Perigord by MM. Edward Lartet and Henry Christy, edited by 
Professor T. Eupert Jones, P. R. S. The other, " On the Dentition 
and Osteology of the Maltese Possil Elephants," by Professor J. Leith 
Adams, P. R. S. 

Mteroscopio Structure of Rocks. — The next subject to which I 
would direct the attention of Irish geologists is the microscopic 
structure of rocks — a subject to which my predecessor. Professor 
Macalister, drew our attention in his Anniversary Address (1873), in 
which he showed how much has been done in this branch of investi- 
gation by continental petrographers, especially by Zirkel> Rosenbusch, 
O. Rose, A. von Lasaulx, Tschermak, and others. 

In England, Sorby, Allport, Porbes, Ward, and a few others, 
have taken up the subject with energy and success, but those in this 
country who pursue it are still few. Considering the large number of 
able microscopists who assemble together monthly at the reimions of 
the Microscopic Club in this city, it is surprising that the captivating 
study of rock structures, by the aid of the microscope and polariscope, 
has not attracted more observers. I trust that ere long an improve- 
ment in this respect will take place, and that the vast varieties of 
sedimentary, metamorphic, and plutonic rocks occurring in Ireland 
will be subjected to the searching scrutiny of the microscope. 

There is one branch of this study which is yet very much in its in- 
fancy, and for the pursuit of which the rock-masses of Ireland present 
pecidiar facilities. I refer to those structural changes undergone by 
rocks in passing from the original to the metamorphic condition. A 
series of observations, carried on with a view to determine the charac- 
ter and successive stages in the changes which hornblende rocks, 
gneiss, various schists, serpentines, and quartzites undergo in their 
progress from their original condition, would be of great interest, 
and would open a j6.eld as yet not much trodden. I therefore com- 
mend this subject to Irish petrographers. 

Wedlden Boring, — ^Fellows of the Society are aware that for the 
last two years an attempt has been in progress to solve the mys- 
tery of sub-Wealden geology by actual boring experiments. As British 
geologists are tolerably f amiHar with the range and distribution of the 
supei^cial deposits, they are naturally desirous of extending their 
knowledge to those which lie concealed at considerable depths, and in 
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many cases this can only be accomplished by actual mining or boring 
experiments. Both are now being carried out with facility, owing 
to modem appliances ; and while some of our coal^shafts reach the 
depth of nearly 3,000 feet, the skill and perseverance of Prussian en- 
gineers hare succeeded in penetrating to a depth of 5,670 English 
feet at Sperenberg, 25 miles south of Berlin, by boring.* The time 
seems, then, to have come for solving the problem regarding the 
nature and position of the rocks below the Weald of Kent and Sussex. 
The nature of the problem itself may be briefly stated. It is known 
that the Oarbomferous and Devonian rocks of France and Belgium 
are thrown into a series of sharp folds, the axes of which range 
in nearly easterly and westerly directions, by Aix-la-Chapelle, Liege, 
IITamur, towards Boulogne and Calais, where they are overspread 
by Cretaceous formations, which rest upon their upturned and 
denuded edges. From this point, westward, they are concealed 
from view by the waters of the English Channel, and along, 
^e south of England by mesozoic formations, until they (the 
Carboniferous rocis) emerge into day, in Somersetshire; and it 
is the opinion of physical geologists, amongst whom may be 
named Mj. Godwin- Austen, Professor Prestwich, and Professor Bram- 
say, that the flexures along the line of the Mendip Bills belong to 
the same system as those by which the Franco-Belgian Carboniferous 
rocks are influenced. It is quite possible, in fact, that one or more 
coal-bearing troughs may occur beneath the "Wealden, or Cretaceoua 
rocks, south of the Thames Valley, which, if discovered, would add 
mateiially to the known coal-resources of our island. But whether 
such concealed coal-basins occur or not, it is desirable we should know 
something more than can be done by mere conjecture, or inference, re- 
garding the arrangement of the Palaeozoic strata under the south of 
England, and every experiment is likely to add further data for the 
solution of the problem. Judging by analogy with the Belgian dis- 
trict, and from other considerations, there is every probability that the 
Permian and Lower Mesozoic series are absent under this region, and 
that after passing through the Wealden and Upper Oolite series, we 
should enter the Carboniferous and Devonian rocks. 

In order to determine this point by actual experiment, a site 
was selected at Netherfield, near Battle, in 1872, by a committee^ 
of whom the most active member was Mr. Henry Willett, F. G. S.,. 
of Brighton, who undertook the rather onerous duties of hon. secre* 
tary and treasurer. The contract for the work was taken by the 
Diamond Boring Company, and by the end of June last, a total depth 
of 1018 feet was attained. Here, however, the boring apparatus 
broke, and remains fast, and it is now proposed to make a fresh 
itart in a new locality, near the old, as the engineer of the Diamond 
Boring Company considered that less time would be lost in taking 
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♦See Letter by Mr. Bristow, F.R. S., on this boring in "Geological Maga- 
aine," Feb., 1875, p. 95. 
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fids course than in endeavouring to recover the detached portions 
of the boring-rod. 

The company nndertakcs to here to a depth of 1000 feet (includ- 
ing lining the tubes) for £600, and to go down to 2000 feet at rates 
of about £50 for each 100 feet. 

The results already attained are of considerable interest. Al- 
though the Palaeozoic rocks have not been reached, the base of the 
Vealden series has been determined, and the presence in it of beds of 
gypsum ; also the thickness of the Kimmeridge clay in that part of 
Sigland has been ascertained. "When the rods broke, the Oxford clay 
had been entered, while the Portland limestone, the coral rag, and 
calcareous grit were found to be altogether absent. 

It appears from a statement by Mr. Topley, F. G. 8., that, at a 
deptii of about 290 feet from the surface, the "Wealden beds were 
passed through, and the Kimmeridge clay entered ; this extended to 
a depth of about 990 feet, giving 700 feet as the thickness of that 
formation, below which the Oxford clay, with Ammonites Jason, 
seems to have been penetrated. 

Her Majesty's Government, acknowledging the national import- 
ance of this undertaking, have come forward to assist, but not to su- 
persede, the efforts of private individuals ; and let us hope that, ere 
long, the problem of the depth and position of the Palaeozoic rocks 
under the south east of England will receive fresh light by the success 
of the Bub-Wealden boring. 

Natwre of the Oceanic Bed at great Depths, — The observations which 
have recently been made on the nature of the sea-bottom at great 
/depths by the naturalists on board H. M. Ship " Challenger" are df 
BO great interest, as throwing light on the origin of several geological 
formations, that I cannot refrain from referring to them here. 

Prom the examination of the bed of the Korth Atlantic, made in 
the year 1860, by the officers of H. M. Ship "Bulldog," it became 
known that the deep central regions of that ocean are formed of a 
calcareous ooze, composed chiefly of the little shells of Poramini- 
fera, chiefly of the genus Globigerina with some siliceous shield^ 
of PolycystinesB, to which the name of " Globigerina ooze" was in con- 
sequence given.* It was soon recognised by geologists that in this 
foraminif era! ooze we have a modem representative of some of those 
great calcareous formations, such as the chalk of the Cretaceous and 
the Nummulite limestone of the Tertiary period, which are made up 
of the calcareous shells of foraminiferal animals, but in which the 
remains of molluscs, echinoderms, sponges, and crinoids are occa- 
sionally present. 

Several questions remained, however, to be determined ; amongst 
these we may select the following : — Pirst ; do the foraminif ers, 
when living, repose on the sea-bed itself at the great depths 



♦ For an interesting account of these deposits see Dr. "WallicVs Paper, in " The 
Quarterly Journal of Science," vol. i., p. 37. "With Plate. 
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attained, or do they inhabit the upper strata of tlie ocean, and only sink 
to the bottom when dying or dead ? Secondly ; has the " globigerina 
OQze'' itself any limit of depth, or does it extend to the most profound 
regions of the ocean ? To these questions the recent observations by 
the officers of the "Challenger," particularly of Prof essor "Wyville 
Thomson, F. K. S., the director, and Mr. Murray, his assistant, offer the 
most satisfactory answers. 

As regards the question whether the foraminifera live in the upper 
strata of the ocean, all the evidence points to an affirmative reply. The 
towing-net has been carefully kept employed at depths down to about 
150 fathoms while the dredge has been at work at all depths down to 
3150* fathoms, and a comparison made of the contents of each. This 
has been done, not only over the deep waters of the Atlantic Ocean, 
but also throughout the regions of the Southern Ocean, from the Cape 
of Good Hope to Australia; and it may be stated that the results of these 
observations, where remote from land, are (within certain limits) re- 
markably uniform. One result, indeed, is quite constant. The towing-net 
brings from the shallow strata of the waters the living representatives 
of the GlohigeriruBy the Fuhinulinay and Orhulifudf whose dead shells 
lie on the bottom, hundreds or thousands of fathoms below. Being 
dead, the f oraminif er shells of the bottom are very different from their 
living representatives which swim about in the upper strata. Of these 
latter Prof. Wyville Thomson gives some drawings, taken from speci- 
mens captured in the towing-net; and the general conclusion he arrives 
at (though contrary to his former opinion) is that " the bulk of the 
material of the bottom in deep water is, in all cases, derived from 

the surface."! 

The second question which (as I have stated) remained for solution, 
viz., whether there is any lower limit of depth to the ** Glohigerina 
ooze " itself, has also received an affirmative answer, which I regard 
as of exceeding interest to geologists, as indicating the probable limits 
of depth at which such formations as the White Chalk and ITummulite 
limestone were deposited. The observations of the naturalists on 
board the "Challenger" have led to the discovery of a limit beyond 
which the calcareous ooze does not extend, although the waters of the 
ocean above are swarming with the very same living bodies as those 
which abound over the ground formed of Glohigerina ooze itself ; this 
limit may be placed at about 2200 or 2300 fathoms of depth. Upon 
passing this depth, a change comes over the whitish calcareous ooze ; it 
passes into grey calcareous clay, and this again at a depth of about 2400 
fathoms, into reddish clay, in which all traces of calcareous matter have 
disappeared, or nearly so ; the clay being found to consist of silica, 
alumina, and oxide of iron, with occasionally manganese. Organic 
structure has also disappeared, and it might at first sight be supposed 
that some undercurrent was employed in drifting the finest mud from 
some far-off sources. 



Proc. Hoy. Soc., Lond., vol. xxiii., p. 40. . t Ihid,, vol. zxiil, p. 427. 
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A little furtlier observation, however, has led Professor Thomson 
aiid his associates to a different conclusion, and one which commends 
itself to the judgment ; this conclusion being that the red clay is in 
reality only the residuum of the organic bodies a£ter all the carbonate 
of lime has been dissolved out of them — ^that it is in fact, to use Professor 
Thomson's own expression, but the non-calcareous ash of the foramini- 
f eral shells. 

The question then arises, how has the calcareous matter of the 
shells been dissolved and carried away ? This question is not dijQicult 
to answer, for it has been long known, by the observations of Pro- 
fessor Bischof , that the waters of the German Ocean (and we may pre- 
sume of the Atlantic) contain five times as much carbonic acid as is 
necessary to retain in solution the carbonate of lime dissolved therein.* 
These observations have been extended and confirmed by the officers 
of the ** Challenger, " who find that the quantity of carbonic acid in- 
creases generally with the depth, the amount ia the Southern Ocean 
being found to vary from 0*0373 gramme per litre near Kerguelen, in 
surface water, to 0*0829 gramme per litre in bottom water, when close 
to the Antarctic ice. 

Now, it is evident that on the death of each little f oraminif er, the 
shell becomes exposed to the action of the carbonic acid during the 
long period which it requires to slowly sink down to the great depths 
of the central oceanic bed. The time required for reaching depths 
down to about 2000 fathoms is apparently not generally sufficient to 
dissolve away the calcareous matter of the shell ; but when the depth 
exceeds this, the shell gradually succumbs, and the additional depth of 
200 or 300 fathoms is sufficient for its dissolution. ITothing then re- 
mains but the red insoluble residuum of silica, alumina, and iron-oxide, 
which make up the remarkable "Red-clay formation" of the profoundest 
depths. 

Assuming, then, what is at least probable, that during the Eocene 
and Cretaceous periods the waters of the ocean contained about the 
same proportion of carbonic acid as at the present day, and what is 
equally probable,Jthat the habits of the Cretaceous and Eocene foramini- 
fera were similar to those of the existing ocean, it may be inferred, 
that the great calcareous formations of those periods were formed at 
depths which did not much exceed 2000 fathoms, and generally fell 
very much within this limit. If, on the other hand, it be asked, 
whether we have any formation amongst those now entering into the 
composition of the surface crust resembling in appearance and origin 
the " Eed-clay formation" of the Atlantic and Southern Ocean? it may 
be replied that it is very doubtful if such exists, as it is improbable 
that any of our known formations were formed at greater depths than 
2000 fathoms. Certainly, the red-coloured formations of the Devonian, 
Permian, and Triassic periods do not owe their origin to operations 
resembling those now going on at these enormous depths. 



• " Chemical Geology," vol. i., pp. 176-178. 
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VaJUyi and FatdU, — Tli& appearance of a book dealing with ques* 
tions of fltractnral geology from the pen of an Irish geologist is of so 
rare occurrence, that I cannot pass by in silence the publication of 
Mr. Kinahan's little work, ''Valleys, Fissores and Fractures." The 
book itself abounds with descriptions of numerous carefully-observed 
phenomena connected with the physical geology of this country ; but, 
its main purpose seems to be to call the attention of observers to the 
close connexion between physical features of hill and dale and faults 
or fissures in the earth's crust* The author thinks, with, perhajHs, 
some truth, that in the interest and enthusiasm caused by the modem 
views of the origin of physical features, of which Professor Bamsay 
may be considered the chief expositor,* too little account has been 
taken of the effects of faults and fractures, which must at the time 
they were formed have resulted in the production, of surface irregu- 
larities. I^ow, any one who denies (and I am not aware who they are) 
that there is any connexion between some modem valleys and ancient 
fractures of the strata, must have but a limited acquaintance with 
structural geology ; but sometimes, owing to the enormous amount of 
denudation which has taken place since the faults were produced, the 
original connexion between faults and valleys, or escarpments, has 
become less obvious, or has been entirely obliterated by subsequent 
terrestrial changes, which have established newer systems of river 
dndnage in the same district. Professor Ramsay, when describing the 
Tfidley of the "Wye, in the work already referred to, puts the case very 
fairly when he observes, " Por long it was customary to attribute such 
breaches in escarpments, and indeed vaUeys in general, to disturbances 
€aid fractures of the strata, producing a wide separation, and actually 
making hills. But when we realise that thousands of feet of strata 
have been often removed by denudation since the great disturbances of 
the Welsh strata took place, it becomes clear that the present valleys 
are in no way connected with them ; for even if there be dislocations or 
faults in some of the valleys, these faults when formed were, as far as 
regards the present surface, thousands of feet deep in the earth. All 
they could do might have been to establish lines of weakness along 
which subsequent denudation may have excavated the valleys."f 

There are, indeed, numerous instances in Britain where faults 
accompanied by very great displacements of the strata, and of newer date 
than the Triassic period, have left on the surface no t3*aces of their influ- 
ence whatever. A district well known to myself — South Lancashire — 
affords numerous instances of this kind. The coalfield of that country is 
traversed by faults of varying amount, up to 3000 feet, the amount of 
the displacements being capable of accurate determination by the relative 
positions of known coal-seams on either side of the faults ; yet these great 



* See " Physical Geology and Geography of Great Britain,'* by Professor A.C 
Kamsay. 3rd Edition 1872. Also, Professor Geikie's ** Scenery and Geology of 
Scotland." 

t Op. cit., p. 208. 
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displacements are not traceable on the surface by any conspicuous 
features. The denudation which accompanied and followed the forma- 
tion of these great fractures has been of so sweeping a nature as to 
have levelled down the whole surface of the country. 

Again, in the Cotteswold hills of Gloucestershire, remarkable for 
deep valleys and numerous escarpments, the numerous parallel faults 
by which the Oolitic beds are traversed only occasionally run in the 
lines of the valleys, but more frequently cross them. 

On the other hand, there are some dislocations of such magnitude, 
like that of Bala Lake, estimated by Prof essor Eamsay at 11,000 feet,* 
that subsequent denudations have been unable entirely to obliterate the 
original valleys or lines of escarpment to which they gave rise, and they 
continue lines of depression to this day ; another case is that of the 
Calder-TaUey fault of Lancashire and Torkshire. 

In reviewing the whole question (only here touched upon), it must 
be admitted that, unless in cases where there are faults of surpassing 
magnitude, such as those I have mentioned, lines of valley and escarp- 
ment are established and perpetuated rather by the swellings and de- 
pressions of the crust over large areas, which have given rise to systems 
of drainage in certain directions, than by faults. Should a fault happen 
to lie in the direction of one of the streams thus originated, the stream 
will naturally select this line as the most convenient for the flow of its 
waters, and a vaUey will be formed along the line of the fault which 
will not be easily forsaken. 

Space forbids me to pursue further a subject on which so much 
might be, and has been, written. I am satisfied that the interpretation 
of the physical features of the Earth put upon them by the modem 
school of British geologists (resuscitated from the days of Playf air and 
Hutton), is, in tiie main, true ; and in this respect, if in no other, 
British geologists are in advance of their Continental brethren of the 
hammer. 

It only remains for me to thank the Officers and Fellows of the 
Society for their support during my tenure of office, and to bespeak a 
still more zealous support for my successor, the distinguished author of 
the Industrial Reaources of Ireland, 



• That is, where it traverses the country N."W. of Aran-Mowddy ; see " Geology 
«f North Wales," Mem. Geol. Survey, p. 36. 
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XI. — The Esttaky of the Eiveb Slaney, Co. Wexfoed. By G. H. 
XiNABAN, M. E. I. A., &c., District Surveyor of the Irish Geological 
Survey. 

[Read March 10, 1875.] 

The eastern portion of the Co. "Wexford, in the neighhourhood of the 
sea, is, for the most part, low lying, and covered principally with 
Post-glacial drift, consisting of gravel, sands, clays, marl, and glacialoid 
or glacial-like houlder clays, with which arc associated, in a few places, 
smaU patches of normal glacial drift. The newer deposits were accu-* 
mulated at different times ; the major portion in a sea that was be- 
tween 300 and 350 feet higher than the present sea — ^that is, during 
the Usher -sea period; these drifts being contemporaneous with the 
Esker gravels of the central plain of Ireland. A second system of drift 
was formed when the sea was stationary, at a level between 70 and 
120 feet higher than the Ordnance datum line ; while a third system, 
which is necessarily very local, was banked up when the sea was 
stationary at about the 25 feet contour level.* The second and third 
periods, during which the above drifts accumulated, have been called 
respectively, the Time of the 100 feet sea beach, and the Time of the 
25 feet beach, in a Paper published in the Geological Maga&ine,^( 
and they will be so designated in this Paper. These gravellyTand 
clayey drifts, in most places that are below the 300 feet contour line, 
obscure and cover the glacial drift and the older rocks (Carboniferous, 
Cambro-silurian, and Cambrian rocks ; those of the last two divisiong 
being usually more or less metamorphosed) ; but in all places where 
the older rocks are exposed, they are found to be much cut up and 
displaced by breaks, faults, or shrinkage fissures. The ages of the 
f aiQts observed can be fixed vdthin certain limits ; they may be thus 
generally, classed : — 1st. Pre-Cambro-silurian faults ; 2nd, Post- 
Cambro-silurian but Pre-Carbonif erous faults ; 3rd. Post-Carboniferous 



♦ These different heights have to be calculated from the Ordnance heights, as the 
surface of the sea is not actually level — ^tides rising higher in narrow or confined 
seas than in wide oceans. On this account these diSterent ancient heaches may 
vary more or less above or below the average horizon ; as these ancient seas were 
subjected, as at present, to tides that rose in one place higher than in another. Thus 
the 25 feet contour beach is very constant round the Irish coast, but at various 
heights above the mean sea level in its vicinity. Thus, on the Galway and Mayo 
coast, it is about 17 feet above the mean tide ; on the coast of Antrim and Down 
about 12 feet. In Dublin bay (where the large estuarine flat, on which a considera- 
ble portion of the city is built, belongs to this system) it is about 18 feet ; and on 
the east coast of "Wexford about 20 feet 

t " Glacialoid or Eearranged Glacial-Drift." Geol. Hag., Dec. 2, vol. i., March 
and April, 1874. 
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but Fre^glacial faults ; 4th. Post-glacial faults, older than the Eskers ; 
5th. Faults more recent than the Esker gravels, some being later than 
(Bven the gravels of the Time of the 100 feet sea beach; but all probably 
older than the Time of the 25 feet sea heach* 

We now proceed to the immediate subject of this communication, 
the formation of the estuary of the River Slaney. Into this estuary, 
as seems to be the case in all the estuaries of the large rivers in Ire- 
land, very little detritus is brought down by the river ; for, on account 
of the nature of the river valley, nearly all the delris brought into 
the river by its head-waters and muddy tributaries is lodged in the flats 
along its course ; consequently, the silting up of the estuary must have 
been in a great measure due to marine action. 

The present estuarine portion of the River Slaney lies between 
Enniscorthy and the open sea, the distance from the head of the 
estuary to the Rosslaxe and the Raven points, which form its mouth, 
being over nine miles. The upper portion is more or less narrow. 
However, in places, bays and guts branch off from it. To the N. W. of 
"Wexford town, at Ferry-Carrig, it begins to widen, to form the reach 
known as Castlebridge bay ; on the north of Wexford it again narrows 
for a short distance, but at the town it spreads out and forms the 
expanse called Wexford Harbour. The present estuary seems to have 
been excavated almost entirely in drifts of the Esker and 100 feet seas 
periods; in part, during "the time of the 25 feet sea beach," and 
partly subsequently. 

When first formed it was evidently much deeper than it is at the 
present time. After it was excavated, it was separated from the open 
sea by the formation of an -^olian ridge, or bank of blown sand ; 
subsequently to which it became very shallow, if not dry land ; while 
afterwards the sea again rose ; then, probably, the land rose a 
Httle, at a very recent time, thus enabling a large portion of the 



• My colleague, Mr. J. Croll, of the Scotch branch of the Geological Survey, in 
one of hiB able papeis, has pointed out that, as the ice-sheet retreated and advanced^ 
the waters of the sea must have correspondingly fallen and risen, while the land 
remained comparatively stationary. This is a most important conclusion, as it 
accounts for the nearly invariable heights at which the margins of the different seas 
axe found through the whole of Ireland ; while if, as formerly supposed, tiie rise 
and fall of the land had produced the raised beaches, it would be scarcely possible 
that this approximate uniformity of level could have been preserved. This being^ 
accepted, ancient beaches, now found at exceptional heights, probably point to real 
movements in the earth's surface, due to local disturbances. In places, however,, 
there seem to have been also slight local oscillations in the level of the land. This 
is suggested by the variations in the level of the Esker and newer ancient sea 
beaches. It also seems proved by the newer faults in the drifts, as these could not 
have been foimed without the hmd going down on one side of them. Such slight 
local movements seem to have occurred in places on the Wexford coast during very 
recent times, as here and there raised beaches are found between the clifPs and the 
sea, while in general the sea is encroaching on the land. But some of these slight 
variations may be due to the difference in height of the tides in open seas and in 
straits. 
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tidal lands to be banked off and reclaimed during the last twenty* 
flye years. 

The proofs of the above statements are as follows. The marginal 
sands of the sea, of the TirM of the 2b feet beach, can be recognised in 
different places along the npper portion of the estuary ; while in the 
neighbourhood of "Wexford Harbour the old marginal cliffs can be traced, 
they being well marked on the south side, in the vicinity of the Boss* 
lare coast-guard station, and on the north side at Ballinesker ; in both 
places the iEolian drift ridge tenmnates against those cliffs ; these 
marginal cliffs are cut in drift of the Esker period and the time of the 
100 feet sea beach. North-west of Wexford, in the railway cutting, 
the 25 feet eea heaeh was exposed, banked against gravels that may 
have belonged to either the £8ker sea period or the 21me of ike X^^feet 
eea heach^ 

As to the depth and nature of the estuarine deposits, very little can be 
ascertained at present ; as only one excavation is known to have been 
made therein, viz., the sinlnTig for the foundation of the west engine 
house on the north reclamation (North Flat),t which gave the following 
section : — 

Section at the Weet Engine Souse, North Flats. 

Feet. 

4. Mud, 16 

3. Peat, 5 

2. Grey muddy stuff , . . . 1*5 
1. Marl, 



22-5 



This section shows that the estuary was formerly at this place 
about twenty-three feet deeper than at present. This, however, 
seems less than an average depth of the mud and other accumula- 
tions that have filled up the estuary, as the engine-house was built 
near the margin of one of the marl islands ; and in other places the 
accumulations must be deeper, as has been proved by the quantity^ 
of filling stuff found necessary in various places for the buuding of 
wharves and railway embankments in the vicinity of the town of 
"Wexford. 



♦ In some places it is impossible to say to what time the gravel* belong, as all 
are nearly similar to one another ; the newer gravels being in general coMpoeed of 
the materials of the older, more or less shifted and re-arranged. 

t Inquiries have been made to procure information as to the nature of the estua- 
rine accumnlations ; and from them it would appear that no trials were ever made 
to prove the nature of the ground to be built on, preparatory to all the reclamatioii, 
railway, and harbour works that have been carried out from time to time. • 
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The peat of tlie motion at the west engine-house demonstratea that 
the land wag, at one time, at least thirty feet higher relatively than at 
present.^ The peat does not appear to be that which would grow in 
« '*red or upland bog," but is more similai' to that which would 
a^Qumulate in a marsh, being more or less laminated, and mixed with 
clay, and containing the remains of aquatic plants, and suoh timber 
as the sallow ; in faot, such a bog as that which now exists to th« north- 
east of the Flats, in the neighbourhood of Curradoe and BalUnesker, 
the surface of which is a few feet above high-water mark. In the 
section at the engine-house, portions of oak timber were found, but 
they seem to have b^n logs which were probably floated into the bay 
during floods, having grown on the adjoining land, or on some of the 
islands ; more especially eb oak logs are not uncommon in the overly- 
ing mud. This, however, cannot be positively asserted, as so little is 
known about this deep peat: if, however, oaks grew and flourished in the 
places where the logs axe found, it would necessitate the land having 
risen at least five feet higher than what is mentioned above, as the 
oak cannot grow, except on sufficiently drained soil. 

The peat found associated with the other estuarine accumulations 
occurs at diflerent levels. At the engine-house it is sixteen feet 
below the surface of the mud ; to the ^ast, inside and outside the 
Baven ridge, its surface is a few feet below the surface, or about low- 
water of neap tides ; farther north, at Curracloe, inside the ridge, its 
surface is a few feet above the level of high tides, while outside the 
ridge it is a few feet below that level ; and to the south, east of the 
South Flat, near the village of Bosslare, its surface is covered with a 
few feet of sand. Peat is reported to have been found to seaward of 
the banks, opposite Bosslare and Curracloe, in between four and 
five fathoms of water. This, however, has not been confirmed ; as 
through the courtesy of Commander H. E. Stephens, R. N., Inspecting 
Officer of Coast-guards, I have received reports &om the officers in charge 
of these stations, who state it is not known to exist in either locality ; 
but Mr. James Began, the officer in charge of Morriscastle, farther 
northward, writes : — '* Turf is to be found in four fathoms of water 
in patches, north of the station ;" the exact position on the chart. Sheet 
XV., being between " Bush bank" and the mainland. This depth, if 
we consider the turf here to be about four feet deep, would make 
the former elevation of the land to have been about thirty feet. The 
peat, as found in connexion with the I^orth Plats, would seem to 



* Twe^ty-«iz feet of this height follows thus : — ^Mud sufteen feet, peat fire feet, 
rise of tLde at the aite of the engine-house, prior to the embankment being built, five 
feet. This, however, probably does not represent the full height at which the land 
must have been when the peat began to grow, for it has been shown in a previously 
published papw (" Peat Bogs," London Quarterly Jour, of Science, vol. it., N, S.; 
that peat while growing is mucb thicker tlian it will be after subjection to pressure, 
and the five feet in thickness of compressed peat here found under the mud must 
represent a much greater thickness of growing bog. Hence, therefore, we take aSw 
a probable minimum thirty feet. 
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indicate tliat the bog was first flooded by the rising sea, in the vicinity 
of the present channel, from which the waters spread sonthward and 
northward, while, from some canse or another, the bog at Cuiracloe 
was never flooded, but *;continned growing to the present time. la 
some places inside the Eaven bank, also near Eosslare, there seems U> 
be an upper formation of peat. 

From the peat we also learn that the ^olian ridges have moved 
landwards, since they were first piled np, the peat being under and 
outside them. The material of these ridges travels principally from 
south to north ; we should, therefore, expect that the embouchure of 
the estuary would be situated towards the north, and not in the 
centre, as at present. Indeed, there is a tradition that, at one time, it 
was so placed, and it is even stated that it is so marked on old charts^ 
but none of these are now forthcoming. Prior to the reclamation 
of the North Flats, it is said, there were three openings in the 
Baven ridge, through which it was possible for boats to pass at high 
water ; but since those inlets were stopped, they have become filled 
up with ^olian drift. If such openings existed, it would seem to 
suggest that, in the northern portion, there were different breaks 
into the estuary, some of which may have been at different timea 
considerable ; but the present embouchure was probably for a long 
time the principal one. This subject we shall return to again^ 
when we will give suggestions as to the form and position of these 
ridges. 

Although the present estuary is principally excavated out of, com- 
paratively speaking, recent drifts, yet it is quite apparent that, in 
ages long past, other valleys, probably either bays or estuaries, occu- 
pied nearly the same site. The farthest point to which we can go- 
back with certainty is the denudation prior to the deposition of the 
Carboniferous rocks, during which bays, ravines, and guts were exca- 
vated along the breaks and faults that traversed the Cambro-Silurian 
and Cambrian rocks. In the hollows thus formed, the Carboniferous 
rocks were deposited, and the main currents in the seas of that period 
(as was general in the deposition of the Carboniferous rocks in all 
portions of Ireland with which I am acquainted) were generally 
directed from southward to northward. This is proved by conglo- 
merates, sandstones, and other such rocks having been deposited 
on the weather-beaten open north shores of the bays, and south 
shores of the islands; while on the sheltered shores, south of the- 
bays, and north of the islands, still- water deposits, such as limestone, 
shales, and fine argillous sandstone, or grits, accumulated. One of 
these bays, in which the Carboniferous rocks were deposited, existed 
on the present site of Wexford Harbour, and from it a narrow branch 
ran south-west to the present Ballyteigue bay. There were also 
smaller guts extending from the main bay, one of which ran west- 
ward along the present valley of the Bishops "Water. That these Car- 
boniferous rocks were deposited in bays in the older rocks is evident, 
as shore beds (conglomerate, sandstone, &c.) exist at different levels 
along the margins, or ancient shores, while seaward, or towards the 



KDIAKUI — OK lEE B8II7ABZ OP THE BIVXB BLASBr. 



B of die tracts, such rocks graduate into limestosea, as r 
i in Hie accompanying troodcut. 




L icroM tht S. W. urn from Wsifbrd harbonr. Caibonife: 

(a) Coafflomeratei aDd tauditdne*. 
i^> LimitlDntt, bedded, 
U) PiDainilloiuiuditiHiH, ihalu.bc. 
U) Cunb^ toclu. 



After tlie deposition of the Carboniferous rocks, otlier faolts were 
produced, affecting not only the older rocks, but also the newer ones. It' 
IS often difficult to distinguiah these faults when examining the older 
rocks ; hut in some places their age is evident, such as the north-east 
and sonth-west faults that extend through Castlebru^ hay. Other post- 
Carbonifeioue faults hare also been proved ; one of the best marked 
htang the fanlt in the valley of the Bishops Water. Along many of ' 
tiiese faults and breaks, valleys were subsequently excavated, remov- 
ing, prior to the conunencement of the glacial period, a largo portion- 
of the Carboniferous rocks, and all the rocks belonging to any newer 
fonnation that had been subsequently deposited ; also portions of tho 
older Cambio-silurian and Cambrian rocks, leaving at the commence- 
ment of the glacial period a long narrow slightly winding valley, 
extending along the jiresent valley of the Slaney, past Newtownbarry, 
nearly to Tullow, in the counly of Carlow. That this valley was 
excavated along lines of breaks is quite apparent, as in no place do 
prominences of rock project into, or run across it, while aUthe rocks in 
its vicinity are shifted out of their original relative positions. That 
no rock crosses or appears in this valley is very remarkable, when we 
consider that, interstratified with the Cambio-siluiian rocks, are 
nnmerons beds of Ingenite rocks (felstone, diabase, homhlende- 
rock, &c.), and their accompanying tiiss. This alone proves that the 
river valley must run along lines of fault. Even allowing that the 
valley runs along a wide fissure, denuded out of a dyke of fanlt-rock, 
it seems singular that in no place does a mass of these Ingenite rocks ' 
appear through the alluvium in the flats, as, during the formation of 
the fault-rock, unbroken maMes of the Ingenite rocks ought to have 
l)een entangled in it, while subsequently these oi^;ht to have resisted 

JomtK. K. 8. S. I, — ^VOL. IT., V. 8. F 



%6 t^naiiS. «F lantaax, «i«uK4cA-aodiasli«Ba£un>. 

.|Amld(lti<m^0ttoibrin!tite'(tiMMdaM&■tliC')(iLd''iai$^t1» itpumSHo 
appear in tlie Taller as iaolaied-iOtAmt 

In tlie ctose-TafieyB and gnt* joining into the main valley, faults or 
breaks are also generally enibst.* 'niis valley, with its tril^taries, 
probably was prindpaily dXcsTated by marine action, its bed ieii^ 
nekriy level. The »M, however, must have been -^materially 'aBtdsted 
by metetnio actio^ aiid probably the form cf the valley wis 'after- 
wards considoHbiy altered by glacial action, while meteoric dbrssion 
has since Mss in force. It would seem fhst, 'daring the ^tiMe of the 
great ic»-Aeet, the valley was more or lesa filled hy-gla(»^<drift, but 
Bcaveely entirely, for, as soggrated by Dana, it ia probable 'that beneath 
fte ice-sbeet large rivers iowed in many of the valleys'; and it seems 
likely that this was the ease with the vdley of the Sidney. After the 
ice-sheet had disappeared, and the waters ot the Esker sea had power 
to denude the land, they more or less re-excavated the valley of the 
Slaney, and, flt the time of their maximinn ^height, thsy sxtended up 
beyond Baltdngla^s, more than sixtr^ miles from the present embou- 
chure of the estuary ; after this tmie, H ■oat 'previously, tJie river 
valley was contumous^frdm'its^eB^lit AoOft^'toits mouth. 

At the next marked period of rest, the Time of the lOOftetheaeh, 
the sea formed a slightly winding fiord, about forty miles long, extend- 
■img from the ^present-town 'Of Weifoid to 'above Caonegal, inttte Co. 
Barlow, ia tite middle'portiMi'Of the valley of the Slailey the miB^ 
.-(^'thia 'estutoycan betarkoed, 'bntin the lov^r portion it is lltO^ 'cA- 
'«Qtire. Its ihoothaeenAiJ) have ecteuded inwidthframthelii^lltuld 
imipediately west of Wexfdrd tfftm to the 'hig;h ridge ef'grthmditoHh 
^-CMtlelWidge ; -while all or mMt of «be Idnd to the ecAit 'Hnd<iMiJ^- 
cast was -mider water. Tbe low land immediately north df 'WsSfofd 
■Mta, frbbaldy, in phrt due to -n shoal 'ftnmed by the set of ^he itifle "W 
-tiie Mgh lind dn the west of the prAeht tb^n-; Dnt that it 'WBs .vet 
aU'so formed is proved, b^^ oonsiderable jKirtion 'being mad Mb^- 
'iitg to tiie £Asr acaiperiod. 

^The oert recorded period of fsst is that of tSe '■■mW'iftfie iwWHjf- 
jfet>^t'iM«A, during "whioh 'the '«stuuy seems to^aVeljeeit o^curtM^ 
nenlyto ito ^il«M&t'fonn-;'it4iten extended np'theVfilleytoiiflkWt 
■h^ Vay brtWeen ^EnmScttfth]^ and KeWtOwnbirry, -vrhlle <flio "SaWe 
from it were, in general, eonmderably lof^r. Dtmng this 'tittib'Cbe 
:J3(dtan 'drift ridge between Boedare ilnd 'Sbllineoker {iroStttify %»- 
-gan to IcRm. 'The %n-dmti«k 'of th& frid^ may ^ dbe -tb 'mb^' 



■ It is not only pOBfiiblo, bnt it is also highly probable, that diflerent 

hate taken place along the lines of tho old fnulla, Bubsequant to the faulting im- 
ioediatelj after the CirbonHertnu period. Any tuOTsment that took placo {Uiring 
the gtaMal period in the Imr^eBladTalleyp has HinPG been obiitpralc.d hylio deno- 
dation and CB-Brrangement of tlio drift during tho Eater period ; and any that took 
place since the Esker sea period must hsva bflen nuall, otberwise the ancleot 
sea beaches would not be now so conlinuoua. On the neighbouring coast fiiult«, 
Vhii* miilt 'hare occurred afUr The lime of the 100 feet lea icacA, have baen 
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A>£ the foUoiWdng .^sauses:: IHrd. As thJe land rose l^he formalicgi of 
a spit onfajreef of xoeks at the south shoie of the l)ay, /from which a 
xidge grew "till it extended northward across lite mouth lof «the baj^. 
Second. Theionuatioii xa ii shoal outside the 3iiouth;of the inside Ob^ 
^now Wexfosd hslrbour), which, as the land irose. wasmerred inwazds, 
and modified into a continuous ridge. 

Let us consider the jteciand suggestion, /viz., Ihat'the prteent judges 
are modified shoals— rfor shoals.'probably existed, as shown hy the mat&- 
TieiLs that form i^e jsea^ mairgin. On the Admiraliy chart* we-lfimfd ofi 
Wexfotd harbour a brok^^line of dioals extending from affG&eenoiBe 
ipoint to' Cahore point, in whieh the wideiit break is opposite the^moufh^of 
Wexford harbour. Let us now isuppose the land to have ^rts^i -tela- 
tiyely f oriy-two feet {seven fathoms"^, and we shoiild hm^ a ^la^oon, 
/bounded seaward byia ridge extendmgfromGreehore to Cahore/ and 
.having in it two channels, one opposite the present niouth of Wex£o^ 
harbour, and'ihe other at the extreme north at Eu$k channel. W^ 
«uppoi^ed the land to have suddenly ris^i ; but if it rose gradually, 
these shoals woulid be at the same tune modified, l)eing mov^ inward, 
and moulded ^into igradual wide curves — ^the cenlsre chdimel,: dn aooount 
of the deeps inside, gradually deepening. This seems a probable 
isolution of the formation of the Bosslare and Baven JdSoHjEdi fidges ; 
as during the Time of the twenty-five feet heaeh, shoak i|{roll)a3)ly 
>CTisted outside the inner bay, which, cas the land jose, Wi^e ono- 
fdified into a xidge <that had channels through it, at 'the Centre 
and towards ^the north; the ceiltre one. gradually deepening oniacoouxtt 
^the de€^8 inside it; while those to the north became gradualLy (filled 
up, on account of the northward drift of the sand. The 'nor3Kwaiji4 
^dioffc of {he sand would also iaccount f or the formation of ^theBogger 
l)ank, dt the entrance to tthe harbour, as the drift of the sandiwdu^ 
tend to fiU up the central Channel, while 'the flow oi the water out'd 
the. estuary would puish it backward, and between the vtwb sand, 'Mi*j 
wopld/be piled up torform the Dogger bank. vSubsequeixt to the baa^ 
ihavingbeen fdrmied by the tidal action, wind-^blown sandadded consider- 
ably to their height; some of the hills and short ridges in this .£olian 
-drift being over fifty feet in height. After the -^olian ridges were 
fori^ed, the waters of the sea gradually subjsdded^ until eventually the 
^IbJmI '%as -relatively thirty feet higher than tb-pres^i^, H^hini tli^ 
3k^'b6gan*tpgroi^. '-'[ 

%iS6ji%ri^^\h!^ time tl^f^l^d^ was risingabove the leyelo^ihe w 
Iheiestua^ fitrfirst^ and tbe^ve^ iJtlxxwQa^ym^^^ 
tmofe effioiehtatdenudatioiik; theliEttter,i^er^re,Gtit^ 
channel, its cotiifee probably 16^% a^ritimed l^Ji^efiotfsly-lK^t&ife 
sdeeps ; andMch deeps wotddilifpbj^^ 

Went chaiihel, as fifi^c^bo^tsthe^ n^iief^^ ^^Q^kr^^' 

these lines ^Jired£s^^?e)^bably ea^eavatiQd pi&r to-^e'£liadkb]^fiH< 

■ I I » III I . » I. I i ii m I I iM».»M^»^—— ^ ii ' i n — »— ..i^iMiii— 1^— Urti— — »— — Ai^M— — ^— 
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and, daring the time of the, ice-sheet, may have been the channel of 
an infra-glacial river; they may, indeed, have been filled up during 
the time of the Esher sea, but afterwards they probably would be more 
or less re-excavated by currents during the Times of the 100 and 25 feet 
beaches. The last current must have so deepened the channel that it 
could not since be filled up. 

After the land had risen relatively thirty feet higher than at pre- 
sent, it began to sink, when the conditions of the ^olian ridge were 
as thus — ^the sea was encroaching on one side, while there was land on 
the other; consequently the ridge moved landwards before the sea, 
and instead of margining the bog, as at first, it now rests on it ; whilei 
on the sea side of the ridge, the bog extends out below low- water 
mark.* "When the sea rose high enough, the bogs were submerged, 
and mud deposited on them, until eventually, in the neighbourhood of 
the west engine-house, on the North Flats, the bog was sixteen feet below 
the sur&ce of the mud. Near the end of the time during which this 
mud was accumulating, the land seems to have slightly risen, as the 
upper stratum is highly impregnated with iron, and separated from the 
subjacent mud by a stratum of shells. The lower portion of the mud 
seems to have been deposited in much deeper water than the upper stra- 
tum, forthe following reasons : During the whole time that the muds were 
being deposited, considerable quantities of iron in solution must have 
come down in the waters of the Slaney, supplied by the decomposition 
of the Cambrian, Cambro-silurian, Granitic, and Ingenite rocks in 
the country drained by the Slaney. The most of this iron is found 
deposited in the mud above, and very little in that below, the 
stratum of the shells ; it would, therefore, appear that, at the first, the 
water was deep, and the iron was carried away with the ebb of the tide ; 
but afterwards the water became shallow, and a larger proportion of it 
evaporated, thereby depositing some of the solid matter contained 
therein, which was principally iron. That such a process is not un- . 
common may be perceived in many mountain streams, as during the 
winter fioods the water in them is quite clear ; while in the summer 



.. * Note in Fre»$. — It is possible that here, as in other places, the iEk>lian ridges 
did not exist until this estuarine land began to sink ; but, as has been previoulsly 
stated, ishoals probably existed off this coast before the estuarine lands accumulated, 
and if they did, they probably moved inland as the land rose. It has been sug- 
gested against the supposition, ihsX the ancient shoals were the nuclei of the present- 
JSolian ridges — ^that Ihey for the most part consisted of grayel and shingle. But I 
learn from me fishermen and the charts, that, although the present sho^ for the 
most "pKtt are accumulations of gravel and shingle, yet in places they are wholly 
formed of fine sand. Furthermore, if the ancient shoals formed the nuclei of the 
present M6^aax ridges the materials that were in them would long since have been 
ei^ed northward by the tidal wave, and their place occupied by materials £rom the 
southward. It is, however, . unnecessary, for the. formation ot ridges like those of 
Bosslare and the Baven, that offshore shoals should previously exist, as we know Hiat 
the sea on a sinking coast line is inclined to form ridges across the mouths of shallow 
bays, and to heap up^sandandr the like on ther margins of low level lands; thus 
eventually forming lagoons, similar to that of Wexfori Harbour. 
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their water becomes thick and turbid.* That this change took place 
suddenly seems proved, by the shell-fish that inhabited the waters of 
the estuary haying all died at once. 

Since the North and South flats were reclaimed, there has been a 
remarkable alteration in the mouth of the harbour, as the Dogger 
bank has changed from a massive east and west shoal, lying off 
Brosslare point, into an elongated south-west and north-east shoal, 
that overlaps the Eaven point ; while the Eaven bank, to seaward, 
near its termination, has been considerably added to. These changes 
are evidently due to the lessening of the quantity of water now flowing 
out of the lagoon, consequent on the cutting off of the large area of tidal 
lands. These vast and important changes have taken place prin-r 
cipally since the year 1854, when the embankments of the South flats 
were finished. 



XII. On THE TeDES op the AmEEICAN AeCTIC AeCHIPEIAOO and THEIR 

Infltjence in Polar Expeditions. By the Eev. Samttel Hatjgh- 
TON, M. D., P. E. S. 

[Eead April 14, 1876.] 

I. SuMMABT OP Aectic Tidal Obseevations albeady made. 

The tidal wave enters the Arctic Polar Basin by three distinct 
channels : — 

1. By Behring's Strait, 

2. By Davis' Strait, 

3. By the Greenland Sea and Barentz Sea. 

As to the first two of these tidal waves, I can offer some useful 
observations; but I know littie of the third wave, beyond the fact, re- 
corded by Captain Markham, that the tide wave No. 2, entering Smith 
Sound and Kennedy Channel, meets at Cape Erazer (Grinnel Land), 
Lat. 80° N. with a tidal wave coming from the north, which I believe 
to be the wave "No. 3, which has travelled round the north coast of 
Greenland, thus proving it to be an island. 

1. Behring^s Strait Tidal Wave, 
Observations on this tidal wave have been made at — 

1. Port Clarence by Captain Moore. 

2. Point Barrow ,, Captain Eochfort Maguire. 

3. Walker Bay ,, Captain Collinson. 

4. Cambridge Bay ,, Captain Collinson. 

* This is remarkably exemplified in some of the streams in the "West Galway 
HUs, especially in the small river flowing out of the Maum valley into the Killary 
bay, at the village of Leenaun. 
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All these' observatums l^ead t» 1^ result tiiat t^s tidal wave is a 
siinple lunar semi^tmial! tide, without any oom^lioatioii of solar semi^ 
diurnal or of diurnal tides, all of which seem> from some unknown 
cause, unable to enter the Arctic Basin through Sehring's Strait^ 
although the diumal tide is weH deyeloped in many parts of the North 
Paeific Ocean. This: tide ha& been traced eastwaods as far as Yictoriii 
Bfedtj. where it meets the Bavis^ Strait tide No. 2, entering Yictori^ 
Strait, from the north, through Bellot Strait and Pranklin Strait. 

[[The Fr&nklin expedition perished at the meeting of these two 
tides, which forms & line of still water and immoveable pack ioe. In 
faettiie^ <* Erebus" and ''TeiTor" having beccmie beset m SeptJ^ber^ 
1846y, were abandoned in April, 1;848, having moved only fifteen 
mHei during the eighteen months;] 

It is exbremely probable that the Behring's Strait tidal wave enters 
Banks or Maclure's Strait and passes as far eastward as the Bay of 
Mercy, where Maclure's Expedition was abandoned, in 1853, after 
two years' ineffectual attempts to enter Melville Sound from the "West. 
I asBb persuaded that this, failure was due to the meeting of the Behring'a 
Sti^it.aftd Pavis' Strait tidal waves at the westem outlet fronv Mel- 
ville Sound. Unfortunately this important fact cannot be determined 
with certainty, in consequence of the apparent loss of the tidal obser- 
vations made by Maclure in the Bay of Mercy in 1851-52-53 ; and by 
Xellett in Bridport Inlet in 1852-53^. If these tidal observations 
could, be discovered, they would throw much light on the theory of 
the tidal motion of this part of the American Arctic Archipelago. 



2. Davi8* Strait Tidal Wave. 

This tidal wave i^ much better known than that of Behring's Strait. 
Observations upon it have been made at — 

I. I^edericksdal by Missionary AEd[K)e. 

3L Sodthaab „ Dr. Rink. 

3k Holst^nborg ,^ Director Elberg. 

4. Ptoven „ Assistant Bolbroe. 



5k Erederickshaab 

6. Port Leopold „ Sir James Eoss. 

7. Bellot Strait „ Sir Leopold M*'Clintock. 

8. Beechey Island „ "Eesolute" and ** Assisttmce, '^ 

and **]S*orth Star." 

9. Griffith Island „ '' Resolute " and "Assistance." 

10. Refuge Cove „ Sir E. Belcher. 

11. ^Northumberland 

Sound, „ Sir E. Belcher. 

This tidal wave in passing Cape Eaxewell has a luni-tidal interval 
of 6^ 22",, which is increased (Inglefield) to ll** 0™ at TJpemavik, and 
to 11^ 50™ at Van ^nsselaer Harbour (Xane). The dium^ element is. 
weH developed along the Greenland coast. On reaching tiie head of 
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aoid (aocpidt]^ to Captain^ "^frirlrl^ain). me^^ aiRo^eT 1ad^; at^ $ap&; 
Eiaseii;* Tlf^s tidal way& flcyws.aLsK) ito^ii it^xioost^r Sound to ijb^ 
weotw^ t<^ Ji^ict t^pol(J,, w<her^, it divides into tlwroe. bianotosi. 

tlH»Tlgibr-T; 

0. Barrow Strait (westward), 

$. Weilington Channel^ Qtieen's Chaqnel^ and Fenny^ Strait 
(noitliwaxd), 

ei Ftince Regent Inliet (southward). 

!Rie. progresa o£ the tidal, wavos may be tiius estimated by the luni- 
tidal intervals : — 

(a). Port Leopold . . . 

Griffith Island (Admiralty. Tide Tables) . 
Dealy Island ( „ ,, ) . 

Bay of Mercy, not given (Admiralty Time 
Tables). 

(The range is given, at 2 ft. in the 
Bay of Mercy, and at 4. ft. at Bealy 
IfilaDd; thijs; circumstance, and the 
presumed diffiji^ilty of fhringthe time 
of high- water, is in favour of tiie tide 
at Mercy Bay being the Behring's 
Strait tide.) 
(h). Port Leopold .... 
Ifenny Strait, .... 
('(p). Port Leopold .... 
^ ' :$ellot Strait .... 

Ali these tidal waves are complex, and consist of four well marljeetf 
waves. 

1. Lunar senudiumal. 

2. Solar semidiurnal. 

3. Lunar diumaJL 

4. Solar diurnal:. 

This tidal wave cannot, therefore, for a moment be confounded 
witli, 1)he Behjiog'? Stiadt wave,, wl^^ is a simple lunar semidiurnal 
wave. 

The western branch moves (as I believe) across Melville Sound, and 
m^eiij9 tht^Sehring's: Strait tadel'wave inMadure's Strait. Thenortiiem 
braA<^ ^oceeds regi^Ia^ly tbxon^ Penny Strait to lat. 76°,. (lowing 
n0( oipt o£ meeting apu opposing; tide,, althon^ it would probably me^ 
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* Cftpta»L Markhftin's remarkftshow that th^ dkimal element lAwell deveb^d 
in tiie tidal wave south oif tiape I^^azer. 
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the Behring's Strait tide somewliere about 80°. The Bouthem branchy 
as I have proved, meets the Pacific tide at the north entrance of Yic- 
toria Channel, where the Franklin expedition was abandoned. If the 
statement of the meeting of two tidal waves in Kennedy Channel be 
confirmed, it will diminish the chance of reaching the iN'orth Pole by 
that route, even though the northern tidal wave be not the Behring's 
Strait wave, which is highly improbable. 

It is not at all unlikely that the Behring's Strait tidal wave , may 
meet the united Atlantic waves to the north of Greenland, and at 
this side of the Pole ; in which case it is probable that sledges will do 
more work than ships. 

As it may be of use to djBtermine quickly the character of the tidal 
wave, I now give a method of doing so. 



II. — ^Method of detebmhting quickly the Existence of a Diubnal 

Tide. 

Hourly observations of the height of the tide, made for forty-eight 
successive hours, will determine accurately the diurnal tide for every 
hour of the middle twenty-four hours. Let Ai, A,, Aj be three heights 
of tide separated from each other by intervals of twelve hours, tiien 
the diurnal tide, at the period corresponding to the middle observation 
A3 is given by the formula : — 

The time selected for making the forty-eight hours' observations 
should be when the Moon's declination is great (either north or 
south), because the diurnal tide vanishes with the declination of the 
Moon or Sun respectively. The expression for the diurnal tide is of 
the form, — 

D = M sin 2/x, cos (m) + S sin 2(r cos («) (2.) 

Where fi = Moon's declination. 
o-= Sun's declination. 
m = An angle that goes through all its changes in a lunar 

day. 
s = An angle that goes through all its changes in a solar 

day. 

At the time of equinox o- = 0, and hence the forty-eight-hour 
observation, if made at this time, and also when ft=0, would show 
the non-existence of a diurnal tide, although there might be really 
a large one. The form of equation (2.) shows the reason for direct- 
ing the observations to be made when the Moon's declination is 
great. 

As a rule, the diurnal tide is of considerable amount, both lunar 
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rsaid solaTy in all the branches of the Davis' Strait tidal wave ; and in 
isome cases the solar diurnal tide is actually greater than the lunar 
•diurnal tide. 

III. — Geneeal Rules foe Tidal Obseevations. 

Much yaluable time has been often mis-spent on tidal observations 
of little value, and great disappointment felt at the small results 
produced by most laborious and carefully conducted observations ; 
whereas in sundry cases, a single month's observations, properly 
made, have given results of great value, although the observations 
themselves did not. cost one-tenth part of the labour of other obser- 
vations which gave but little result. 

I offer the following suggestions for tidal observations, made for a 
lengthened period. 

1. Hourly observations of height should be made for one month 
et the times of solstice and equinox. 

2. At the intervening periods, in order to save the labour of the 
observers as much as possible, it is recommended (instead of noting 
the time and height of high and low-water each day) that the height 
of the tide should be registered every /(mr hours of mean solar time. 
This would correspond with the times of striking bells, which would 
ensure punctuality and accuracy as to the time of observation, and 
the observation itself could be made in one minute. I should prefer 
observations made every four hours, for this reason among others, 
that the diurnal and semidiurnal tides could be at once separated, and 
discussed independently of each other. 

3. The times of observation must be carefully kept to; but 
whether the exact hours, or a fixed number of minutes after the exact 
hours, may be decided according to the convenience of the observers. 

4. Bemark carefully that the times of observation must be ac- 
cording to mean solar time, not according to apparent solar time. 



XIII. — On some new Localities foeTJppee Botjldee Clay in Ibeland. 
By Edwabd T. Habdman, P. C. S., &c., of the Geological Survey of 
Ireland.* 

[Eead March 10, 1876.] 

In Mr. James Geikie's valuable work on the " Great Ice Age," as well 
aB in a former memoir by himf on *' Changes of Climate during the 
Glacial Epoch," the presence of an upper boulder-clay in this country 



• This paper was read at the Meeting of the Brit. Assoc, Belfast (1874). 
t Geological Magazine, vols. yiii. and xi. 
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is hardly f\fiHr¥r^i mm^ in Hie- sovtk^easteia portion^ -vlieoe it 1& 
(«M04r)M dmibtftilly) aUoweclto eadst. I piopoBe, tfayerelbre, to. maaj^ 
tion some places where I have observed sucli a deposit, iiL the hope; 
that others may perhaps be induced to look out for it elsewhere. 

All through the countieB. at l^yrone, Armagh, and such parts of 
Derry as I have visited, the drift is well represented, covering a large 
p<»rtion of tiie^ district, and: reaching ixk many pLsces a thickaesa of 
ovei? 100 leeti I believei^ifc can be-ddyided ixtto ofc least Idiree. 9X)ups, 
following the clasedfioation ci PEo£eBsor.Hull> Pio£as0os.HarkneB8, &b.^ 
vi». :; — 

1p. Upper bouMer ollay; 

2. Stratified sands and grayels, with brick clays (initidte.san^}. 

3. Lower boulder clay, or tiU. 

In some places there are peculiar esker-Hke hillbcks of sai]4,, 
which appear to belong to a still newer period, notably in the neigh- 
boiorhood of Pcmieroy and south of Cooks^wn. ^I^iese ibay correspond 
to l^jB kames and eskers of Mr. G^ikiOk 

Th» lowest two. members are Wdl shown. &i v^ many iaistaacesj, 
where weli^stratified and current-bedied gravel and soad, With finely- 
laminated calcaseous a&dnon-oalcaFeous brick claysj^ can be- seen le^ 
ing direcl^y on a d^iud^ surface of till — ^whi(^ is in tHste^ the Ijoeal^ 
name for boulder clay. Th»9 is a hwrdy coarse, totiigh, blue o^ l^bwn 
clay, unsteatified, full ci large angular and subangnlar scratched bk)oke, 
and but few pebbles. Bow these formalins can be tiueed ovei^ a 
great extent of ground ; but the upper clay eaniiMt be id^ti^ed with 
certainty, except in a few places^ resting on the summita of very hi;gh 
drift hills, where it has escaped denudati(^ or where, a soffioidntly 
deep cutting is found ta ei^>08e the underlyingp. sajids^ llhm^ in. th^ 
neighbourhood of I)i^Agan;aon, the drift being extremely hill^, the 
whole three divisions can be f oimd in places^ and the accompanying 
section is constructed to show the way in which they succeed each 
other.f Commencing half a mile north-west of the town, at the "Work- 
house Quarries, there is thick yellow boulder clay, some twenty feet 
thick (about the 300 feet contour line), eroded, and capped with red stra- 
tified sand and current-bedded gavels, twenty to thirty feet thick* 
Going eastward, towards the town, there is at interval/^- the same sand 
and gravel continuing to a little above the 350 feet contour line. Higher 
up, to the top of the Castle Hill (444 feet), nothing but boulder clay 
is met with, and this of considierable thickness ; for in the process of 



-*—*?- 



* Calcareous clays containing Cyprina Islandica, Turritella terebra, and Nucula 
oblonga, which appear to be the equivalents of these, are mentioned by Portbck as 
occurring in the gravels of Bovevagh, Muff, &c., Co. Derry, but referred by hijn to 
the Upper Pliocene. 

t See Plate V. 
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S a veil flow to tlie Circnlar-Toad, about ten yards veaie gose 
through Ijrfon twrhinc sand, 'which yielded water. Bein^ often -on 
the spot at the time, I sair that tlte atu& was really boulder dsy, vilk 
large polished blocks, but rather sandy, and themore differing from 
the lower till. Oa the side of this hill the sand and gravel come in 
again, evidently underneath a cap of boulder clay ; and at Eillymeal 
Quarry, where the ground rises again, hard saad, or sandy clay, with 
traces of stratification, full of boulders, with, at top, more ortiiodox 
till. It rests on the rock, but is doubUese upper boulder clay, for a 
little farther on, the ground suddenly lowering, we have regnlarly- 
stratified sand and gravel resting on the rock in such a position as that 
it must underlie the clay. Then, the ground rising, again comes &e 
boulder clay, resting on the rock on one side, but on the other evi- 
dently passing over beautifully stratified and current-bedded fine sand, 
snch as is used in hour-glasses. This sand is exposed to'within a few 
feet of the bonlder clay, which towers above it to a height of twenty- 
£ve to thirty feet ; but the junction is rather aggravatingly obscured 
by 8 slip of clay a few yards wide. Yet there can be no doubt the 
boulder clay caps the sand (see fig. I}. Furthjor to the eastward, the 
sand and gmvel continues to the end of thfi scotioui. 







.) Bonlder clay 

» > Bonlder clay or loil, . 

;j Fisety ittati£ed land, obMqus beddini 



Half a mile south of this [section, along the Dungannon and Forta- 
down fiaSway, there are several places where, from its position with 
respect to the gravels, as determined by the contour lines, the boulder 
clay must be the ap|ter, for instance at CooUiill imd CooIoubTi. Jji the 
former tovidand, the stratified sands, which are everywhere well 
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marked, rest on the Bunter shales, and arc overlain by undoubted 
boulder clay, with large blocks (see fig. 2). 

Fig. 2. 




Section in railway cutting at Coolhill, near Dungannon. 

Feet 

1 . Upper boulder clay, about 9 

2. S^tified sand and gravel, ...... 8 

3. Bed and green shales, 

A long tunnel through a drift hill, nearer Dungannon, was driven 
in boulder clay, containing large blocks. This must be an upper 
boulder clay, because towards the base of this hill, in the park, strati- 
fied sands and gravel are found between the 200 and 250 feet contour 
lines ; while from the latter up to the top are numerous exposures of 
boulder clay, up to 333 feet. From the great slope of part of this 
hill, it is impossible that these sands could be resting on the boulder 
clay. 

About one mile north-east of Dungannon is a conical liill,'Mullagh- 
dun, 426 feet high, nearly as high as Castle-Hill. At the extreme base 
is' boulder clay, then, on every side of it, gravel and sand to a little 
above the 350 feet line, then boulder clay up to the summit. This 
can hardly be an annulus of sand around a cone of boulder clay. 

In a few other places, apparently upper boulder clay was seen, as 
at Windmill Hill, south of Dungannon, and at Drumagullion and 
Shanliss-upper, south of Stewartstown ; while in Co. Derry, in the 
low ground to the north of Slieve Gallion, in a stream between Kee- 
naght and Longfield, the following instructive section was seen : — 



1. Yellow boulder clay, with polished blocks, . . 

2. "Well-stratified sand, somewhat current-bedded, 

3. Hard brown boulder clay, with angular blocks, 



Feet. 
25 
15 
10 

50 



It is true that some of these cases depend on their altitude for the 
proof of their superposition; for although the boundary between the 
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gravels and the clays can be traced tolerably closely, the actual junc- 
tion is seldom visible, yet the frequent occurrence of such a state of 
things as thus noticed — ^i. e., boulder clay in the very low ground, then 
gravel to a certain height, and then boulder clay again, occurring with 
such persistence that, by the help of the contour maps, it is often 
possible to predict the exact place where each will be found on a series 
of hills of the same general level — ^leaves no other conclusion than 
that the gravels lie beneath the latter boulder clay. But in any case, 
the sections at Castle-Hill, Coolhill, Gortmerron, and Keenaght, afford 
ocular demonstration of the fact. 

It seems to me that the drift of the more central parts of Ireland, 
especially that of the Queen's County, Carlow, and Kilkenny, is equally 
susceptible of a tripartite arrangement ; for in various places, ranging 
from near Stradbally to Kilkenny, I have lately seen sections which 
admit, I think, of no other interpretation. 

The general character of the drift here is, to all intents and pur- 
poses, similar to that of the north, except in the nature of its contents, 
these being here chiefly limestone blocks and pebbles, on account of 
which it has been hitherto described, somewhat vaguely, as '' Zimestone 
gra/veiy* Lowest of all comes hard, tough boulder clay, or till, full 
of large angular and scratched blocks and much local debris, such as 
Coal-measure rocks, &c., but very few rounded pebbles. It is often 
forty and fifty feet thick. Besting on an eroded surface of this is well- 
stratified coarse gravel, with- paving-stones, fine gravels, beautifully- 
stratified fine sands,! highly calcareous in places, calcareous and 
non-calcareous mud (locally book clay), and calcareous Milestones and thin 
sandstones, due to infiltration of lime. This division, as well as the 
boulder clay, is found not only in the low-lying ground, but in many 
places on the coal-measure plateau, up to heights of 600 or 80Q 
feet. 

Next comes boulder clay, more or less sandy, with round and 
subangular limestone blocks, and water-worn pebbles (paving-stones), 
of which from thirty to fifty per cent, are well and deeply scratched 
on the rounded surfaces ; the latter being so abundant that it often be- 
comes a gravel, but is never stratified. This I consider to be upper 
boulder clay, and in fact it is sometimes found resting on an eroded 
surface of good stratified gravel. It often reaches a thickness of 
thirty to fifty feet, and is found in the low grounds as well as at a 
height of nearly 1000 feet on the Coal-measure hiUs, $, y., one and a-half 
miles north of Ardough House, Queen's County, in many places along 
a stream. 



* See Jukes' Manual of Geology, edited by Geikie, pp. 707, et seq., where it is all 
referred to as Marifie Gravel. 

t In a sandpit ion the banks of the Barrow, near Carlow, I found two shells, 
JPurpura lapillusj and a small biyalve shell, quite perfect. This I ujifortunately 
mislaid before I could have it determined ; but, having^ made a drawing of it, I have 
been able, with 1^. W. H. Baily's assistance, to identify it as Tellina solidula. 



?8 



JOJJBJSfMs OF Tim BOYjIL QBOLOCffCB^ flOCIE1?7 -OF SSBLAKD. 



At Coonbeg, in tlie Biter Dduglas^iBiz miles soath-west of Atby)) 
the two boulder >clays are eeen ooming together. i(See fig. ^8.) 



!Pig.3. 




Section at Coolib^, Queen's Co. 
Upper iBouMer clay restiasr on denuded sux&ce of Lover 'B. elay. 

*'t. in. 

d, "CoarBe 'brown gravelly clay, with rounded 

pebbles and semi-angular blocks, . . B *0 

e. Distinct space between this and next bed, some- 

times filled with gravel, sometimes with a 

spring of water, . . . . . .06 

h. Yellowish-brown mud, lying in indentations 

in underneath bed, . ......... ^0 6'tor6' 

a. Blue, close till, with angular blocks. Often 

very large, 2 seen. 

11 

In same streiElm, one mile to west, the middle gravels ciSme In. ^(Seo 

:fig. 4.) 

Fig. 4. 
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Sectionwest of Coonbeg, Douglas River, Queen'*s Co. 
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To tlJusLToie W Hariimaji's Payer ■ on Upjer Boulder Cky. 
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.Feof. 

1. Bcdilder day, IB 

.2. Pebbly drift*. 3 

3.' StXfitmed Bond aod gravel, junction dbflCdred, . '. 25 
4. .Soalder day, to Itfvd, ^-Btmtm, abeot 10 

■ 66 

At Carlour, the boolder clay is Been resting on tbe gravels. To 
ihe eoBt cff the town, under the railway embankment, between tlie 
Stanl^tovn and Pollsrton roadB, ^the follomag is Been, Usgtli of 
aecfionfiO&teet (flg. 6):^ 

Fig. 6. 



'Cii|«r'B4tlldn-tlBTetr'd«Bnded>i»&oeo(EiiK«l. Raihra 



tett. 



'1. Clenr'ctf Embankment, 

3. YeUoV, eandy boulder clay, Trith a few bands of 

'H&atifled gravelB, and large Benu-rgnnded blocks 

:«lid pavin^^tones, beantlfidly stoiated, .... 6 toA 

■3. Tfell stratified Band said coarae payii^-^toiie graveh. 

LimcBtone pebbles at top, Bcratched, SwJitMgreatiff 

-en^ded, 6 

100 ynt^ to'the east thediq^eate of this section eppotu^, minns'tlie 
«iiilntihlietit. 

. ^'tklile'tUld'a-hEiU ^mthe'tlboTe, 'and south fifCailo-w, near the 
gftt^lodee-df IBfindale 'Eonse, on the banks of the Barrow, theeaqra- 
Wre'is abOilt'dlHet^ feet long, and-reTeala ffig. 6}. 

Fig. 8. 




'Oi^per'tiiMdW clar^n-daaBMFCMMM-bBddtdfnvBl^SiM;^ umt CtAiw. 



* Compare with sectLon gbowniaPUte VI.|'atBsggUif^&d,£ificeoiiT,, 
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Feet. 

1. Upper boTilder clay, with rounded and subangolar 

blocks and paving-stones, well scratched. The 

clay sandy and brown, . . . . . . . . . 10 to 1^ 

2. Grey fine gravels, well stratified, and with current- 

bedding. Surface eroded, and junction very distinct, 10 



20 

But, besides these localities for upper boulder clay, there is a con- 
siderable area covered with what I shall call ''Paving-stone drift;" 
which, although the base is rarely seen, is most certainly upper 
boulder clay, and therefore deserves some attention. It consists of a 
confused mass of round, water-worn pebbles of limestone, usually the 
size of paving-stones, huddled together in a matrix, sometimes of 
sandy clay,' sometimes of loose, gravelly sand : never stratified, though 
occasionally with rude lines of beddmg. The greater part of the 
pebbles well and deeply scratched, striated, and polished on the pre- 
viously rounded surface. Now, if this be not an upper boulder clay, 
what is it ? It cannot be a lower boulder clay, for the pebbles aro 
rounded by water action. It could not be relegated to the middle^ 
gravel or to the esker series, for the pebbles are well scratched, and 
it is usually mixed up with clay and angular blocks. I have already 
noticed the occurrence of these water-worn and scratched pebbles- 
in all the sections of upper boulder clay in the Queen's County and 
Carlow. All these characteristics would agree perfectly with its being- 
an upper boulder clay. 

The ice-sheet which gave rise to the upper clay must have passed 
in many places over the already rounded, stratified gravels with which , 
this part of the country was covered, and would, of course, remove a 
great deal of them. This detrtttcs becoming mingled together with 
cky and pieces of unrounded rock from places uncovered by drifts 
would result in a confused mass of pebbles, clay, sand, and boulders,, 
and would naturally have more pebbles than boulders. This is exactljr 
the kind of stuff that is visible all about Carlow and Kilkenny. Out 
of many sections I have seen of it I give the following. I should 
mention that it often occurs in esker-like hillocks. 

On the Pollerton Koad, near Carlow, a houlder clay is exposed for 
many yards, full of round, waterwom limestone pebbles, many of 
them well scratched. The same is seen to the south, on the Brown's- 
Hill Koad. Also, north of Ardough House, on the Coal-measure table- 
land, as already mentioned. 

In the railway cutting between the town of Kilkenny and the- 
junction of the Waterford railway, a fine section is exposed for more- 
than a mile and a half in this kind of boulder clay, and often thirty 
feet high. In two places, where the ground falls sufficiently, the clajr 
is seen resting on s^atified coarse sand and gravel. It is spiffed with 
-pebbles, sometimes very large, and often round as cannon balls, these 
being well scratched in every direction, in some cases so deeply that a 
pencU cpidd be laid in the striae. 
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North of the town, near the workhouse, the same boulder clay is 
seen, about twenty-five feet thick, resting on thick stratified sands 
and gravels, rather tossed. 

Half a mile west of this, at the graveyard, north of Green's 
Bridge, it is over twenty feet high. 

At the south side of the Nore, at the black marble quarries at 
Archer's Grove, there is a very remarkable section, which is worth 
giving in detail. (See Plate YI.) 

Ft. Ft. 

1. Boulder clay or till, hard and yellow, with pebbles 

and large polished blocks, average, 10 to 20 

2. Greatly tossed paving-stone drift, with large pebbles 

and blocks, 8 

3. Boulder clay, 2 

4. Greatly tossed coarse gravel, rude current bedding, 25 to 40 

5 . Hard, yellow, boulder clay, with well-scratched round 

pebbles in upper part, 12 

6. Limestone, 

But for the preponderance of scratched pebbles in the gravels (4) 
here, I should have taken this for a typical example of the three divi- 
sions. But I think what it denotes is, that the gravels, originally 
stratified, were in places dragged along by the ice, which eventually 
formed the upper boulder clay, and so became tossed and scratched. The 
upper part of the lower boulder clay being at the same time mingled 
with the gravels, and filled with scratched pebbles.* 

I shall just mention one more section, which shows the upper 
boulder clay resting directly on the rock. It occurs in an old lime- 
stone quarry at Raggetsland, a mile south of the last, and consists of 
close, sandy till, about twelve to fifteen feet thick ; but at the base it 
is full of the usual striated paving-stones for a depth of two to three 
feet. It may well be supposed that the glacier passing over the 
gravels just referred to, at the north, had relieved itself of the 
greater part of its load of pebbles before it had reached this spot. 
(See Plate VI.) 

I believe these pebbly boulder clays can be explained on no 
other hypothesis than as being an upper boulder clay, even were they 
never found resting on the gravels, as I have shown; and it necessarily 
follows that, to provide materials for the accumulation of this over 
the great area where it is known to exist, and which I have here 
only psirtially glanced at, the middle gravels must have been pre- 
viously spread over a district of ^^ mean extent. 

Since the above Paper was written, and read at the Meeting of 

# 

♦ I have lately (July, 1875) had flie satisfaction of showing this well-marked 
section to Professor Hull, F. R. S., Director of the Irish Geological Survey. He 
considered that nothing could be clearer than the presence of the whole three divi- 
sions, and that the existence of the upper boulder clay there is beyond all doubt. 
The section extends for about 800 feet. — {Added in Fress.) 

JOIJEN. R. G. S. I. — VOL. IV., N. S. Ct 
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the British Association at Belfast, my colleague, Mr. J. Kilroe, F. C. S., 
has brought under the notice of this Society a similar succession of 
Drift Deposits occurring in the Co. Sligo.* 

Quite recently I have met with numerous other sections in the 
Kilkenny district, showing upper boulder clay resting on gravels. It 
is especially well shown on the Dinin river, near Jenkinstown, and at 
Dysart. — {Added in Press.) 



XTV. — On THE Peesence and Disteebution op Flttobine in Calcspaes. 
By Chaeles R. C. Tichbobne, Ph. D., F. C. S., M. R. I. A., &c. 

[Read March 10, 1875.] 

The universal dissemination of some of the elements, particularly 
the more volatile ones, is a theory that gains a considerable number of 
adherents, and recent investigations, with the aid of increased facili- 
ties for research, tend to add weight to this not improbable view. The 
very general diffusion of lithia is an instance. Until the spectroscope 
was perfected, the metal was only known to exist in a few minerals 
such as lepidolite, petalite, &c. 

In fact, the delicacy of our chemical tests seems to be the boundary 
or limit where we stop in determining the mineral diffusion of many 
of our elements. For some considerable time, I may say the last two 
years, I have been engaged in investigating the diffusion of fluorine in 
the animal concretions. I find that the element fluorine is an invari- 
able ingredient of certain calculi, the calcium-calculi. This entrapping 
(if I may be allowed the term) of the element is due to the great 
aflinity calcium has for fluorine, and the insolubility of the residting 
fluoride of calcium. I thought it would be interesting to examine 
the mineral world, with a view to see how far this same trapping of 
fluorine had been carried out, and I submit the following note as a 
small instalment towards such an investigation. 

It is, perhaps, not generally known that all the mineral phos- 
phates of calcium used in the production of superphosphates are so im- 
pregnated with fluorine that the pipes connected with the apparatus 
used become jammed up with the silica deposited from the gaseous 
fluoride of silicon. 

I have so far examined some of the calcspars in my possession, and 
find them to give the following results as regards fluorine. 

F. 

Fine specimens of calcspar on blend from Glenda- 

lough marked trace. 



Clear crystals from Derbyshire . . 
Calcspar on galena from Glendalough 
Calcspar foreign, locality unknown . 
Fine Rhombohedron of Iceland Spar 



trace. 
006. 
trace, 
marked trace. 



* In a Paper entitled " On the Succession of Drift Deposits in the Co. Sligo.'* 
Read January 12, 1876. 
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In all these specimens the indication of the fluorine was got 
directly by mixing the powdered spar into a paste with sulphuric 
acid free from fluorine, and allowing it to act upon a surface of glass. 
The spar was powdered in an agate mortar, but was mixed with the 
sulphuric acid in a platinum capsule ; the paste was then transferred 
to the surface of a perfectly new watch-glass ; the whole was then 
covered with a second glass, and allowed to remain over sulphuric acid, 
under a bell jar for twenty-four hours at the ordinary temperature, and 
then warmed. A very minute trace of fluorine can in this manner be 
detected. By, cleaning the glass and breathing upon it, the slightest 
corrosion will be perceived in the spot where the paste lay. Still more 
delicate traces may be detected by dissolving the specimen of calcspar 
in pure hydrochloric acid, precipitating about 1-1 0th or less of the cal- 
cium with carbonate of ammonium, and allowing the whole to remain 
twenty-four hours. The precipitate will contain almost all the fluorine 
present. There is this objection to the last process, that the operation 
runs the chance of introducing fluorine through the chemicals used. 
Thus I have always found great difficulty in getting hydrochloric acid 
free from fluorine. Pure distilled sulphuric acid seems pretty free 
from fluorine as an impurity, probably from the fact of the high 
boiling point. Mckles recommends plates of quartz in preference to 
glass. I have never found any difficulty in getting watch-glasses that 
would stand the action of sulphuric acid for twenty-four hours. 

It would be desirable to inquire how far the arragonites contain 
fluorine ; they are generally said to be formed under temperatures 
and surroundings different from those under which the rhombohedral 
variety is produced. 

The universal diffusion of some elements is something hardly 
realizable. To give an instance : — ^Absolutely pure carbonate of 
sodium and potassium cannot be procured ; it is always slightly con- 
taminated with chlorine. Chemically pure and crystallized tartrate of 
potassium and sodium on ignition assimilate chlorine from the 
atmosphere of the laboratory, and yield a product containing a slight 
trace. I^ow, it is just possible that fluorine is universally diffused 
like chlorine ; and although, as regards this element, we may not 
have a great replacing source like the sea,* fluorine must be 
sufficiently general to have been rendered up to the entrapping 
powers of the calcium minerals, just as in the organic world the 
fluorine is always found locked up in the calcareous skeleton. Fluor- 
spar is very often found associated with mineral veins of zinc and 
lead, but the fluorine is equally found in the clearest and most 
perfectly formed isolated crystals of calcspar. 



* Small quantities of fluorine have been detected in most of the riyers ex- 
amined. 8e$ Nicklhy Comptes Mendus, 
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XV. — ^NoTE oir THE Fbesence of Thallium nsr an Ieon Oee fbom 
Pbvssia. By Chas. R. C. Tichboene, Ph. D., F. C. 8., M. R. I. A. 

[Bead May 12, 1875.] 

The specimen of ore, which I am about to describe, was one taken 
from my private collection, and examined with others for the metal 
thallium. It was an ore that had been sent from Prussia to the Dub- 
lin International Exhibition of 1865; and was accompanied by an ana- 
lysis by Dr. Presenius. There is no mention made of the presence 
of thallium in the original analysis. This circumstance maybe readily 
accounted for from the fact that the mineral had been analysed but a 
short time after the discovery of thallium, and before the use of 
the spectroscope was much in vogue, and because traces of that metal 
cannot be detected by the ordinary application of chemical tests, for 
even the spectroscope fails to detect a minute trace of that element 
in such a mineral, when the solution in acids is directly examined. 
The other elements present give such a bright continuous spectrum, 
from D to P, that the slight flash produced by the volatile thaUium 
is unperceived. 

We presume that the specimen examined fairly represented the ore 
originally analysed, because, on performing a quantitative analysis the 
results were fairly concordant, except in a slight increase in the 
amount of zinc. 

The specimen analysed was an extremely hard and compact ore, 
very fine grained and homogeneous in character, and having a specific 
gravity of 4*13. The ore contained (as analysed by myself) : — 

Sulphur 47*02 

Iron 39*58 

Zinc 4*72 

Copper 0*20 

Thallium, trace 

Cobalt, trace 

Manganese, trace 

Arsenic 1*22 

Lime 0*80 

Magnesium, . trace 

Silica, moisture, &c • . 6*46 



100-00 

Premising that this is a mechanical mixture of blend and pyrites, it 
would be impossible to determine with which of these minerals the 
thallium was associated. Dr. Reynolds has found thallium associated 
with Irish cupreous pyrites. 

The process adopted, as regards the separation of thallium, consisted 
in filling an ordinary combustion tube with the ore broken small, and 
subliming the sulphur inta any conyenient receiver. After the opera- 



HULL ON A FRAGMENT OF ** BAKED " OE INDUEATED SLATE* 85 

tion this sulphur was removed and finely powdered (this being essen- 
tial for a successful manipulation, when only a trace is present). The 
excess of sulphur was dissolved out with bisulphide of carbon, and the 
small residue left, on treating with sulphuric acid, was directly 
examined in the spectroscope for thallium. 



XVI. — On the Mickoscopic Stettctueb of a Feagment of ** Baked" oe 
Indueated Slate, feom the Lowee Silueian Eocks, Claeemont 
Hill, neae Dundalk. By Peofessoe Edwaed Hull, F. K. S., 

F. a. s. 

[Read April 4, 1876.] 

Feeling desirous of ascertaining the internal structure of slate which, 
from contact with igneous rock, had become "baked" or indurated, 
I selected a specimen from the Silurian beds on the western flanks of 
the Carlingf ord mountains, ^bove Anavema, near Dundalk, from which 
I had a translucent thin section prepared for microscopic examination, 
and the results have proved so interesting, and seem to throw so 
much light upon the cause of the induration of the rock in conse- 
quence of the " baking " to which it had been exposed, that I venture 
to lay them before the Society. 

Natwre of the Rock. — The rock from which the specimen was taken 
is of a dark grey colour, uniform in texture, hard and splintery. It 
might pass for a f elstone, owing to its compact character and the ab- 
sence of lamination, except in rare cases. As trap rocks abound in 
its neighbourhood, it has evidently been subjected to a high tempera- 
ture, to which its hardness is to be attributed, though it remained to 
be ascertained what was the immediate cause of the hardening process. 
This was clearly revealed on placing the thin slice under the micro- 
scope. 

Microscopic Appearance* — ^When observed with a low magnifying 
power (two-inch object glass, magnifying twenty-five diameters), there 
appeared numerous rounded and sub-angular minute grains of silica 
imbedded in a darkly-mottled matrix. A dark narrow band was ob- 
served to traverse the field of view, perhaps indicating a plane of 
bedding. The particles of siKca did not, however, appear to be dis- 
posed in any particular direction as regards their longer diameters. 

With a higher power, the matrix, or paste, resolved itself into a 
colourless translucent glass with reticulated structure, clouded, and 
containing dark grains, which, as the rock is magnetic, are doubtless 
composed of magnetite. With polarized light the little grains of silica 
exhibit a play of colours on rotating the analyser, while with crossed 
Mcols the colourless paste becomes dark — as in the case of ordinary 
glass. It thus appears that the grains of silica have retained their 



* The microscopic appearance of unaltered slate is shown by Mr. D. Forbes, 
F. R. S., in his paper on " The Microscope in Geology," in Pop. Science Review, 
Oct., 1867. 
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origmal form and nature unaltered, but are bound together by a firm 
glassy paste.* 

The question then arises, what may have been the material out of 
which the glass paste was formed ? This question can be answered by 
referring to the following chemical analysis, kindly made for me by 
the Eev. Dr. Haughton, F. K. S., at the Laboratory of Trinity College, 
Dublin, which is as follows : — 

Analysis of the Specimen of Indurated Slate, Dundalk, 

SiHca, 65-44 

Alumina, 13*48 

Peroxide of Iron, . . . 2*16 

Protoxide ,, .... 2*85 

Lime, 8*08 

Magnesia, 3*08 

Soda, 1-94 

Potash, 1-74 

Protoxide of Manganese, . 0*40 

Water, 0*40 



99-57 
Specific Gravity, 2-815. 

It is clear, from a consideration of the above analysis, that in this 
specimen we have all the materials for the production of a mineral 
glass at a low temperature, the alkalies being present in considerable 
proportions, lime, also, being more than usually abundant. 

We may suppose, therefore, that in the original unaltered shale or 
slate, the silica occurred in two forms, first as free silica, in little 
grains, as seen under the microscope, and also in combination with the 
alumina to form clay. In the process of induration, and under a tem- 
perature considerably elevated, the clay entered intt) combination with 
the alkalies, forming a glass, while the grains of free silica appear to 
have remained unaltered. The black grains of magnetite which the 
microscope revealed are shown above to be present to the extent of 
3*13 per cent., as determined for me by Mr. E. Hardman, P. C. S.,f 
together with a small quantity of manganese ore. Not a trace of 
carbonaceous matter remains in the rock, the dark colour of which is 
due to the presence of the magnetite grains, and to the clouded appear- 
ance of the glass paste, as seen unde^. the microscope, and which is 
probably due to the residue of protoxide of iron which has entered into 
combination to form a proto-silicate of iron (see Appendix). 

As regards the temperature at which the induration took place, it 
may be observed that, 3 the process had been in operation at the earth's 
surface, the temperature would probably be that at which ordinary 

4 

* The grains of silica are highly cellular ; but, even with a microscopic power 
magnifying 800 diameters, no fluid cavities were observed, 
t See Appendix. 
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glass fuses. But the induration having occurred at probably a consider- 
able depth, the element of pressure comes into account, and, as the 
amount is altogether uncertain, no accurate determination of the de- 
gree of heat to which the rock was exposed can be arrived at. On 
this subject I have been favoured by a communication from Mr. G. 
Johnstone Stoney, F. E. S., which is appended to this paper. 

It is obvious, therefore, that the stone has undergone, to a certain 
extent, a process of metamorphism ; and that this metamorphism was 
on the point of developing felspar throughout the mass is shown by 
the occurrence, at one part of the edge of the slice, of some little prisms 
of triclinic felspar, confusedly mixed together. This portion is, to all 
appearances, not a fragment of a foreign rock, but a portion of the 
paste of the slate rock itself. 

Seeing, therefore, that the original grains of silica are now bound 
together by a solid, glassy cement, instead of unconsolidated or granu- 
lar clay, it is not to be wondered at that the soft slate has been con* 
verted into a compact splintery stone, approaching Lydian stone in 
hardness. 

Appended. 

Note on the Proportion of Magnetic Iron-ore in the Specimen, hy Mr. 
Edward F. Hardman, F. C. S., of the Geological Sv/rvey of Ireland, 

In order to arrive at some determination as to the amount of mag- 
netite present, as there is no analysis of the unaltered rock, it must be 
assumed, either that all the protoxide is combined as magnetite, or that 
all the peroxide is so. The former is impossible, because 2*85 per cent, 
of protoxide would need 6*34 of peroxide to produce the compound, or 
3*82 per cent, more than the rock contains. All the protoxide cannot 
therefore be so combined. On the other hand, regarding all the per- 
oxide in that light, there would be 0*97 per cent, of protoxide required 
to form with it magnetic oxide, the amount of which would be 3*13, 
leaving 1*88 per cent, of protoxide in the glass or slag, probably as 
protosilicate of iron. 

That all the peroxide belongs to the magnetite, is rendered not im- 
probable by the fact of that mineral showing so abundantly under the 
microscope, while it is known to be usually, if not always, formed 
when the protoxide, or some salt of the protoxide susceptible of such 
influences, is exposed to the action of heat in the presence of oxygen or 
aqueous vapour. Thus, in the calcination of clay-ironstone (proto- 
carbonate), a quantity of magnetic oxide is produced.* 

It might be possible that a sufficiency of carbonate of iron origin- 
ally existed in the rock, to give rise to the magnetite. Bischof gives 
a few analyses of clay slates containing it, and several of those contain- 
ing carbonate of lime, in two' cases as much as twenty-four to twenty- 



* See Bauennan*s Metallurgy of Iron, pp. 121-3 ; Percy's Metall. Iron and 
Steel, pp. 49-50 ; Fownes' Man. of Ghem., 10th £d., p. 140. 
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six per cent.* In such rocks the heat which has partly melted the 
Dundalk slate would be quite sufficient to drive off the carbonic acid, 
producing lime and some magnetite ; the former base would of course 
combine with the silica and jdumina to form the glass or slag, together 
• with any unaltered protoxide of iron, which last would add to the 
fusibility of the compound. 

{Letter from G. Johnstone Stoney, F, R, 8.) 

" DuNDKUM, Nov. 8, 1874. 

** My dear Hull, — You have shown that the temperature of which you 
are in quest lay between that at which the matrix of earthy materials 
would fuse, and that at which silica would fuse. 

** The former of these, which fixes the lower limit of the melting 
temperature of the slate, depends on the composition of the matrix, 
and is too indefinite to admit of determination. But it would, I sup- 
pose, be safe to regard it as such a temperature as can easily be reached 
in furnaces. 

** But the upper limit, the temperature at which silica would fuse, 
is known to be one not exceeding that of the oxy-hydrogen fiame ; and 
we have some very precise knowledge of this temperature from the 
investigation by Bunsen, of which you will find an account in the 
Phil. Mag. for 1867, Vol. ii., p. 489. 

** It appears, from Bunsen' s determinations, that the elevation of 
temperature above that of the gases before combustion cannot exceed 
2844® C. ; that at this temperature only ^rd of the mixed gases combine, 
that ith more bums at temperatures of which 2024° and 2084° are 
examples, and that the rest of the combustion takes place at lower 
temperatures. 

" It appears, therefore, that the elevation of temperature by an 
oxy-hydrogen fiame is not the same at all parts, and nowhere ex- 
ceeds 2844° ; and, as silica can be drawn into threads in the flame of an 
oxy-hydrogen blow-pipe, it follows that it must fuse at a temperature 
short of tlus, and which is probably a good deal over 2844° C. The 
metamorphosing temperature of the slate cannot have been so high as 
this. 

*^ Yours, very truly, 

(Signed) " G. Johnstone Stoney." 



EXPLANATION OF PLATE VII. 

Fig. 1. A portion of the thin slice of the indurated slate, magnified three diams. 
The little grains of silica appear in rounded or sub-angular, colourless specks, in a 
dull, brownish paste, containing black specks of magnetite. 

Fio. 2. A portion of the above magnified twenty-five diameters, in which the 
grains of silica, the clouded glass paste, and grains of opaque magnetite, are more 
distinctiy brought out. 



See Bischof's Chemical Geology, English Ed., vol. iii., p. 130, et feg. 




Vol. IV, Plaie VII. 




MAGNIFIED SECTIONS OF INDURATED SLATE. 

Fig 1. Mag. J diams. 
2 25 



To iJlusirace Pfofesaor Hutfe Pa$ec ot\ ■fiaiv&i 'a\p" 



88 JOUKNAL OF THE ROYAL GEOLOGICAL SOCIETY OF IBELAKB. 

six per cent.* In such rocks the heat which has partly melted the 
Dundalk slate would be quite sufficient to drive off flie carbonic acid, 
producing lime and some magnetite ; the former base would of course 
combine with the silica and alumina to form the glass or slag, together 
with any unaltered protoxide of iron, which last would add to the 
fusibility of the compound. 

{Letter from G. Johnstone Stoney, F,R, 8.) 

" DuNDBUM, Nov. 8, 1874. 

** My deab Hull, — You have shown that the temperature of which you 
are in quest lay between that at which the matrix of earthy materials 
would fuse, and that at which silica would fuse. 

" The former of these, which fixes the lower limit of the melting 
temperature of the slate, depends on the composition of ihe matrix, 
and is too indefinite to admit of determination. But it would, I sup- 
pose, be safe to regard it as such a temperature as can easily be reached 
in furnaces. 

*' But the upper limit, the temperature at which silica would fuse, 
is known to be one not exceeding that of the oxy-hydrogen flame ; and 
we have some very precise knowledge of this temperature from the 
investigation by Bunsen, of which you will find an account in the 
Phil. Mag. for 1867, Vol. ii., p. 489. 

** It appears, from Bunsen' s determinations, that the elevation of 
temperature above that of the gases before combustion cannot exceed 
2844® C. ; that at this temperature only ^rd of the mixed gases combine, 
that ith more bums at temperatures of which 2024° and 2084° are 
examples, and that the rest of the combustion takes place at lower 
temperatures. 

**It appears, therefore, that the elevation of temperature by an 
oxy-hydrogen flame is not the same at all parts, and nowhere ex- 
ceeds 2844° ; and, as silica can be drawn into threads in the flame of an 
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XVII. — On a Specimen of Mineral Borate from Tarapaca, Peru. By 
J. Emerson Reynolds, Ph. D., F.C.S., Professor of Chemistry in 
the University of Dublin. 

Through the kindness of the Rev. Dr. Haughton, F. R. S., I have had 
the opportunity of examining two specimens of supposed mineral bo- 
rates from the province of Tarapaca, Peru. One of the specimens proved 
on analysis to chiefly consist of nitrate of sodium, with cMorideof sodium, 
and a little sodium and calcium borate as impurities. The second speci- 
men was submitted to a minute examination, the results of which are 
stated below ; and the conclusion at which I have arrived respecting 
it is, that the mass analysed is a mixture of common salt with a 
hydrous calcium and sodium borate, which latter differs essentially in 
composition from any similar compound hitherto described, so far as I 
am aware. I therefore venture to lay a short account of my ex- 
amination of this mixture before the Society. The mass consists of 
long, thin, interlaced fibres, which are white in colour, and possess 
a- silky lustre. The taste is first saline, and afterwards somewhat 
alkaline. The mineral is easily fusible, first losing much water on 
heating. It is partially soluble in water, but quickly dissolved by 
dilute hydrochloric, and by nitric, acid. The well crystallized portions 
afforded on analysis : — 

Boracic Anhydride . . 34*12 



Water 


25-91 


Calcium Oxide 


8-99 


Sodium Oxide 


11-25 


Sodium Chloride 


19-31 


Sulphuric Acid, Fe, OgK^O, &c . 


traces. 



99-58. 

Seven-ninths of the water is removed at a temperature of 300°F. 

The common salt can be easily extracted from the substance by 
means of ice-cold water, and is, therefore, present as a mere impurity. 
As the analysis showed that this was the only impurity present in sen- 
sible quantity, and the only alkaline salt exlracted by ice-cold water, I 
avoided any treatment that might alter the composition of the crys- 
talline base, and determined the percentage of the impurity present. 
If then, we subtract from the analytical data the weight of common 
salt found, we evidently get the composition of the pure crystals. 
On discussing the numbers in the usual way we obtain the following 
as the empirical expression for the composition of the mineral : — 

Na^O, CaO, 3BA, 9H,0. 
The ratios Dana gives for Ulexite are : — 

Na^O, 2Ca0, 6BA, 18H/). 

JOURN. R. G. S. r., VOL. IV., N. S. H 
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Bnt the analyses from which this expression is deduced are, on 
the whole, discordant and unsatisfactory ; and any f orniiilse deriyable 
therefrom for the mineral are exceedingly complex ; whereas, the mi- 
neral I have analysed affords a comparatively simple formula. 

K we write ordinary borax thus : — 

Na2O,2BaO3,10H:aO, 

the mineral Dr. Haughton gave me may be written thus : — 

(Na,0, 2B,03) + (CaO, BA) 9H^0. 

In which case we may represent that one of the molecules of water 
of crystallization in ordinary borax is replaced in the new compound 
by a molecule of calcium metaborate. 

I have no doubt of the accuracy of this formula ; but, I hesitate to 
regard the compound as a new mineral, and to give it a name, until I 
have had the opportunity of examining some specimens of " IJlexite," 
which I hope shortly to obtain. Should further investigation confiim 
Dana*s formula for Ulexite, Dr. Haughton' s specimen will be the first 
member of a series, of which Ulexite is, probably, the fourth term. 
Thus, excluding water from consideration — 

New Mineral . (Na^O, 2BA) + (CaO, B,0,). 

. (Na^O, 2B,0,) + (CaO, 2B,0,). 
. (Na,0, 2B A) + 2(CaO, BA)- 

Ulexite (Na^O, 2BA) + 2(CaO, 2B,03). 

The existence of this series of borates has not, apparently, been 
hitherto suspected ; it will, therefore, be a matter of much interest to 
exfiunine various samples of supposed Ulexite, in the hope of isolating 
the terms at present wanting. 
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XYIII. — On the Teap Dykes that penetrate the Geanites, Meta- 
MOEPHic Slates, and Caebonlfeeofs Limestones, op the Distbict op 
MouENE, IN THE !NoETH-EA8T OF Ieeland. By the Rov. Samtjel 
Haughton, M.D., Professor of Geology in the University of Dublin. 



Read llth January, 1876. 



The materials of this Paper were collected by me upwards of fifteen 
years ago, when engaged in completing the exploration of the granites 
of Monme and Newry, which I had commenced some years before. 

The only portion of my researches, as yet published, will be found 
in the Journal of the Geological Society of London, 6th February, 
1856. 

I have there shown that the district contains two granites : 

1. Mourne granite. 

2. Carlingford granite. 

The age of the Mourne granites is unknown, but that of the Car- 
lingford granites is post-carboniferous. 

The basic igneous rocks of the district are : 

1 . Anorthite-Augite syenite, passing into Augite rock. 

2. Crystalline massive greenstone, of unknown mineral composition. 

3. Pine-grained grey trap rocks, of unknown mineral composi- 
tion. 

Of these rocks, the Anorthite-Augite syenites, and the massive 
greenstones, are older than the post-carboniferous granites, for they 
are penetrated by veins of this granite, at Bamavave and at Slieve na 
Glogh. The age of the fine-grained trap dykes is unknown to me. 

I shall now give a brief description of the granitic district in the 
north-east of Ireland. It consists of three distinct regions. 

Firstly, the region known as that of the Mourne mountains proper, 
which forms a granitic mass isolated from the granites around it, and 
separated from them by valleys of slate rock : Secondly, the great 
north-east and south-west granite district, which runs from Slieve 
Croob, rising 1755 ft. high on the north-east to Slievegullion on the 
south-west, rising to a height of 1893 ft. : and thirdly, the Carlingford 
district, running at right angles from Slievegullion to the Carlingford 
mountains. The granite rocks are surrounded on the north and east 
by Silurian slate rocks, which are highly altered by contact with 
the granite. A very interesting specimen of this altered slate rock 
was laid before the Society by Professor Hull during the course of last 
year. On the south, towards Dundalk and Carlingford, these granite 
rocks are surrounded by a totally different group of rocks — ^the well- 
known carboniferous limestone rocks of the centre and middle portions 

JOFEN. E.G. 8. 1. VOL. IV., N. 8. I 
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of Ireland. All through these three sub-regions I have described, the 
limestone, granite, and slate rocks are freely penetrated by trap dykes. 
I prefer calling them trap dykes for the present, because there is con- 
siderable doubt as to what their proper name should be. 

The number of the trap dykes in the Moume district has always 
attracted the attention of geological observers. In the map, which was 
drawn up for a different purpose, we show, between I^ewry and Slieve- 
gullion, a number of red bands in the railway cuttings at Goragh- 
wood, and at Forkill. They each represent separate trap dykes, 
penetrating the rock, some of considerable thickness, and all presenting 
a striking and attractive appearance, and at once claiming the attention 
of the observer. Several of these have been analysed by me, and are 
described in the present Paper. 

The trap dykes penetrate the granites, metamorphic eiluriatf slates, 
and carboniferous limestones; and they are also found in dykes in 
the «morthite syenites and crystalline greenstones of the entire conntry. 
The distinction between f elstones and trap rocks is essentially a chemi- 
cal distinction, because it is well known you may have rocks totally 
different from each other in chemical composition presenting the same 
appearance to the eye of the field observer, and liable to be called the 
same name; and rocks with the same chemical composition, and 
which, therefore, must have had the same origin, may (from condi- 
tions of cooling and pressure, and other external circumstances which 
are only local and unimportant) have acquired such different appearances 
that geologists give them all different names. I, therefore, mean by f el- 
stone, or pitchstone, a rock that has little or none of lime or magnesia in 
its composition, but has a certain percentage of soda or potash instead ; 
whereas in all trap rocks or syenites (I use the term in the broad sense 
of the German geologists) lime, iron, and magnesia enter into the com- 
position of the rock ; while they are absent almost altogether from 
f elstones, pitchstones, and all rocks that approach in their composition 
to the granites. 

Every chemist will recognise at once how wide and broad is the dis- 
tinction between granitic rocks, whether they be fine-grained or coarse- 
grained, and these rocks. The difference consists in the removal of 
potash and soda, and the substitution of lime, magnesia, and iron in- 
stead. 

The anorthite syenite of Carlingford is a rock resembling the 
hypersthene syenite of Skye ; with the exception that the lime fel- 
spar of Skye is labradorite, while the lime felspar of Carlingford is 
anorthite. 

The accompanying sketch shows the intrusion of granite veins into 
the Carlingford syenite at Bamavave ; and those granite veins are 
associated with syenitic veins, resembling them so closely that it is 
extremely difficult to distinguish them from each other without 
chemical aid. The conclusion I have come to from an examination 
of the district is, that the mass of syenite in the Carlingford district. 



94 JUO&iriX OF THE BOTAL GEOLOOICAX SOCIETY OF IKELAXD. 

and the granite of the same district, are practically contemporaneous^ 
and that they mutually send veins and dykes penetrating each other. 
This would make the gromte and syenite of that district post-carboni- 
ferous, and would make it a younger granite and a younger syenite 
than our Dublin granites, which are well known to have been formed 
and consolidated before the carboniferous limestone. I even venture 
to suppose that the origin of these syenites in the SUevegullion, Flurry 
Bridge, and Carlingford districts, is a very simple one — ^that in fact 
they are simply altered granites. As long as granite pene- 
trates slate rocks it suffers no injury from chemical reactions ; but 
when granite in a pasty condition attacks a mass of limestone rock, 
it becomes rapidly fluxed, and if it came into contact with a proper 
quantity of lunestone and peroxide of iron, it would be fluxed into a 
syenite resembling that which constitutes the mass of Carlingford 
mountain. 

Let us now consider the general question of the mineral composition 
of igneous rocks. This question, some flfteen or sixteen years ago, 
presented insuperalble difficulties, but Mr. Sorby, to whom the geolo- 
gical world owes so much, has given us, by his method of microscopic 
examination of rocks, an instrument which has enlarged the fleld of 
our view. He is enabled to tell us, with a very close degree of approx- 
imation by examination of microscopic slices of rocks, what minerals 
are in these rocks ; and when the microscopist tells us what minerals 
are in the rock, and when the chemist tells us what is the composition 
of the rock, the microscopist and chemist have a right between them 
to call on the mathematician, to tell how much of each mineral is in 
the rock. 

This is a problem I have recently attempted to solve, and I am 
glad to say with success, for with the assistance afforded by Mr. 
Hull's microscopical observations on the lavas of Vesuvius, checked and 
tested from time to time by special chemical research, I have suc- 
ceeded in obtaining in each case the most probable mineral composition 
of the lava — ^by means of what I shall call the Law of Least Paste, 
which is itself a simple application of the Law of Least Action, which 
pervades all nature. In turning over this problem in my mind, in 
connexion with the composition of the lavas, I recollected a saying of 
the mathematician Poisson, which made a great impression on me 
when I was a student in Trinity College — '* that no problem in nature 
is indeterminate," and that it only appears so in consequence of our 
ignorance ; that if we knew of the conditions in nature that surround 
each problem, we would have the means at hand of obtaining an 
untqtte solution of the problem. Nature never hesitates as to the 
quantity of the material she employs. She never hesitates, so to 
speak, as to how much of this and how much of that element shall go 
to form a minersd, or even a rock-mass. The affinities of the stronger 
bases settle the ultimate arrangement of the materials of an igneous 
rock, the substances possessing the highest mineral-forming power 
being the alkalies, and then magnesia and alumina, while the iron and 



99-90 



II. Massive fine-grained Syenitic Trap rock, halfway up Slievegullion, 
appears to consist of — 1 . quartz, inconspicuous ; 2. white felspar ; 
3. hornblende, abundant. The intimate mixture of these latter mine- 
rals gives the whole rock the appearance of a crystalline diorite. 



♦ In the following analyses, the iron peroxide is always in excess, and the iron 
protoxide in defect, as the latter was oxidised in fluxing. 
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lime and silica not appropriated by the minerals ar^ usually left in the u) 
paste. The composition of the paste, as arrived at by the mathematical 
discussion of the analysis of the rock-mass, seems to approach that of 
bottle glass. 

The problem presented to us is to find the Residual LaWy which shall 
guide the whole melted mass in arriving at its final composition. The 
rock-mass consists of a number of imbedded minerals, and a paste 
which analysis shows to be an inert paste, not possessing crystallising 
properties. In the whole melted rock the very presence of minerals, 
forming out of the melted mass, shows the operation of a 
formative force which must be greater or less in the case of the differ- 
ent minerals ; and this formative force, tending to make minerals, will 
go on, as I conceive it, as long as any chemical affinities in the mass 
remain unsatisfied. On applying this principle, I found that the 
indefiniteness entirely disappeared from the equations, and that a single . 
unique result came out. I have applied this principle, in one 
case, to the trap rocks in the paper before you, and found results 
similar to those attained in the lavas of Vesuvius. 

The trap rocks associated with the granites and metamorphic 
rocks of Moume may be best described by taking them from S.W. to 
N.E. along the axis of the granite, commencing at SlieveguUion and 
I^ewry, and terminating with Slieve Donard and Ballinahinch. 

I. Massive Syenitic Trap rock. West Base of SlieveguUion , appears 
to consist of — 1. grey quartz; 2. white felspar; 3. greenish black 
hornblende ; 4. black mica. 

Chemical Composition, 

SiHca, 53-28 

Alumina, 13-28 

Iron peroxide, . . . . 10*52* 

Lime, 7*42 

Magnesia, 4*45 

Soda, 3-03 

Potash, 204 

Iron protoxide, . . . . 4 08* 
Manganese protoxide, . 0*80 

Water, 100 
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Chemical Composition. 

Silica, 57-68 

Alumina, 14*44 

Iron peroxide, 5 43 

Lime, 8-86 

Magnesia, 6*20 

Soda, 2-41 

Potash, 2*41 

Iron protoxide, . . . . 0*90 

Manganese protoxide, . . 1'20 

Water, 60 

10013 

III. Upper massive Syenitic Trap roch, 8lievegullion. — Crystalline 
syenite, containing — 1. felspar in transparent flat crystals, needle-like, 
when seen edgeways (i in.); 2. homhlende, very minute, disseminated 
through the mass ; 3. Occasional specks and plates of bronze mica. 

Chem ical Composition . 

SiHca, 47-60 

Alumina, 17*60 

Iron peroxide 9*20 

Lime, . 1211 

Magnesia, 7*61 

Soda, 2-05 

Potash, 0-57 

Iron protoxide, . . . . 2*15 

Manganese protoxide, . . 1*60 

Water, 0-44 

100*93 

IV. Lawer Syenitic Trap rock, massive, Slieveyullion. — A grey crystal- 
line trap, consisting of hornblende and acicular crystals of felspar. 

Chemical Composition. 

Silica, 48-00 

Alumina, 15*80 

Iron peroxide, 9*80 

Lime, 11*78 

Magnesia, 9*19 

Soda, 1-95 

Potash, 0*52 

Iron protoxide 2*00 

^fjinganeso protoxide, . . 1*84 

100-88 
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V. Qrey Trap Byhe, in granite, in railway cutting near Wellington 
Inn. — ^A fine-grained trap, grey, with specks of pyrites; consisting 
of — 1. white felspar; 2. green hornblende. 

Chemical Composition. 

Silica, 5008 

Alumina, 16*64 

Iron peroxide, 9*86 

Lime, 816 

Magnesia, 3*72 

Soda, . 2-93 

Potash, 115 

Iron protoxide, 1*48 

Manganese protoxide, . . 104 

Iron pyrites, 0"33 

Water, * . 104 

96-43 

VI. Dark-coloured grey Trap Dyke, in railway cutting ^ Wellington 
Inn {penetrates granite). — A crystallised trap rock ; seems to be com- 
posed of hornblendic trap for paste, with hornblende (i in.) 

Chemical Composition. 

Silica, 4604 

Alumina, 18*96 

Iron peroxide, 11*56 

Lime, 9*64 

Magnesia, 7*60 

Soda, 207 

Potash, ....... 0*57 

Iron protoxide, . . . . 1*87 

Manganese protoxide, . . 0*84 

99*15 

VII. Trap Dyke in slate rock on Carlingford side of Ilostrevor Bay, 
CamphelVs Quarry ^ opposite to Rostrevor Quay. — A fine-grained green- 
stone ; component minerals not distinguishable ; with specks of iron 
pjrrites ; and occasionally, nests or cavities lined with green quai-tz 
crystals, prase. 

Chemical Composition. 

Silica, 48*24 

Alumina, c4*20 

Iron peroxide, 12*64 

Lime, 11-89 

Magnesia, 7*46 

Soda, 1-86 

Potash, 0*62 

Iron protoxide, . . . 1*87 

Manganese protoxide. . . 1*00 

90-78 
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VIII.* Syenite veins in Syenite rocky atBamavaoey near Carlinyfwd, — 
A fine-grained syenite, closely resembling the trap dykes penetrating 
the slate rock at Rostrevor, and the carboniferous limestone at Carling- 
ford. 



Chemical Composition. 

Silica, 52*80 

Alumina, . . . . 12*24 

Iron peroxide, . . . . 17*68 

Lime, 5*83 

Magnesia, 1*72 

Soda, 1-25 

Potash, 1*50 

Iron protoxide, 2*72 

Manganese protoxide, . . 2*72 

Water, 0-80 

992C 

VIII.* {bis) Granite veins in Syenite rocky at JBarnavavCy near Car- 
lingford. — A fine-grained, cream-coloured, elvan granite, like that 
found at Grange Irish, at the [^summit of Slieve na Glogh, and on 
Slievegullion. 



Chemical Composition. 



Silica, 


(>8-80 


Alumina, 


13-20 


Iron peroxide, 

Limo, 


6*60 
2-24 


Magnesia, 

Soda, 


0-71 
3-81 


Potash, 


4*29 


Iron protoxide, . . . . 
Manganese protoxide, 


0*46 
0*88 



100*99 

IX. Trap JJyke in carboniferous limestone y Coflingford Quarry. — 
Fine-grained trap dyke ; crystals inconspicuous, with the exception 
of a few large crystals of felspar. 



* The mass of syenite rock, which forms Carlingford mountain, joins the mass 
of granite near Bamavave, and in this locality the syenitic rock is penetrated hy 
•lykes composed sometimes of syenite, and sometimes of granite. [ Vidt page 93.] 
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Chemical Composition. 

Silica, 49-76 

Alumina, 13-68 

Iron peroxide, 11-11 

Lime, 8-66 

Magnesia, 414 

Soda, 2-80 

Potash, 2-31 

Iron protoxide, . . . . . 5*61 

Manganese protoxide, . . 1*04 

Water, 1-60 

100-71 

X. Trap JDykes in Syenite rock of Carlingford Mountain, (Slieve 
Foy), — Fine-grained, greenish-grey trap rock, with constituent crystals 
conspicuous. Effervesces slightly with muriatic acid. 

Chemical Composition: 

Silica, 47-00 

Alumina 14*00 

Iron peroxide, 10*01 

Lime, 11*56 

Magnesia, 7*28 

Soda, 2*70 

Potash, 0*72 

Iron protoxide, . . . 3*75 

Manganese protoxide, . . 1*28 

Water, 1*60 

99*90 

XI. Massive Syenite ^ Rostrevor Qua/rry. — Moderately coarse- 
grained, consisting of pale greenish anorthite, and black metallic 
augite. 

Chemical Composition, 

SiHca, 48*80 

Alumina, 14*40 

Iron peroxide, 10*64 

Lime, 10*12 

Magnesia, 5*06 

Soda, 3*06 

Potash, 1-66 

Iron protoxide, .... 4*08 

Manganese protoxide, . . 1*20 

Water, 1-60 

100*62 
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XII. Massive Trap rookf in slate rock, at summit of Slieve Bawn, 
Rostrevor, — Greenish grey crystalline doleritic syenite, with thin 
flat acicular crystal of felspar (anorthite), imbedded in a greenish 
grey paste. 

Chemical Composition. 

Silica, 45-72 

Alumina, 15*32 

Iron peroxide, 11*13 

Lime, 11*02 

* Magnesia, "8*20 

Soda, 1*65 

Potash, 2*55 

Iron protoxide, . . . . 2*75 

Manganese protoxide, . . 1*12 

Water, 1*20 

100-66 

XIII. Trap JDyhey at Woodhousef Rostrevor: feeds the outburst 
(XII.), at summit of hill, — Fine-grained, consisting of felspar (anor- 
thite) and augite, green. 



Chemical Composition, 

Silica, 45-68 

Alumina, 15*80 

Iron peroxide, 11*24 

Lime, 9*76 

Magnesia, 7*08 

Soda, 2*07 

Potash, 2*43 

Iron protoxide, . . . . 3 52 

Manganese protoxide, . . 1-04 

Water, 2 00 

100*62 

XIV. Trap Byke^ in granite ^ at summit of Little Bingian. — Fine- 
grained, with rounded particles and grains of quartz, some of the 
larger grains containing chlorite in addition to quartz. 



« • 
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Chemical Composition, 

SiHca, 50-60 * -. 

Alumina, 14*40 

Iron peroxide, 10*20 

Lime, 8*65 

Magnesia, 5*60 

Soda, 2-38 

Potash, 2-08 

Iron protoxide, . . '. . 4*13 

Manganese protoxide, . . 0*40 

Water, 1*80 

100*24 

XV. Basaltic Dyke {resembling pitchstoncy in granite), at Bally- 
macilreiny. — Lithoid basalt, with conchoidal fracture and appearance 
of lithoid pitchstonq ; contains occasional large crystals of felspar. 

Chemical Composition, 

Silica, 52*40 

Alumina, 16*24 

Iron peroxide, 14*08 

Lime, . . . . . . . . 5*84 

Magnesia, 3*28 

Soda, 2*70 

Potash, 207 

Iron protoixde, 2*56 

Manganese protoxide, . . 1*20 

Water, 0*44 

100*81 

XVI. IVap Dykes J resembling felstone, in slate rock of Rostrevor 
mountain, (Green colour.) 

Chemical Composition. 

Silica, 61*40 

Alumina, 14*40 

Iron peroxide, 3*72 

Lime, 8*04 

Magnesia, 4*88 

Soda, '. . 3*51 

Potash, 4*29 

Iron protoxide, . . . . 0*52 

Manganese protoxide, . . 0*80 

101*56 
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• 



XVII. T^ap^^'Byke {resembling feUtone)^ at Armer's MoUf near 
Newcastle, ^^e^l greenish-grey, semitranslucent trap (resembling 
felstone) ;;the cleft called Armer's Hole is formed by the disintegra- 
tion of th§ ^yke. 

• « 

. '••/ Chemical Composition, 

'-.. * SiHca, 61-84 

Alumina, 11*20 

Iron peroxide, • 7'83 

Lime, 866 

Magnesia, 3*00 

Soda, 1-71 

Potash 2-94 

Iron protoxide, . . . . 0*97 

Manganese protoxide, . . 0*80 

Water, 1*20 

10015 

I was nnable to determine the chemical composition of the consti- 
tuent minerals, except in the case of the felspar and augite of the 
crystalline syenite which forms the mass of Carlingford mountain. 
These minerals proved to be anorthite and augite, with the following 
composition : * 

Carlingford Anorthite, 

• SiHca, 45-87 

Alumina, 34*73 

Lime, 1710 

Magnesia, 1*55 

99*25 

Carlingford A tig ite . 

Silica, 50-72 

Alumina, 9*36 

Lime, 16*96 

Magnesia, 2*40 

Iron protoxide, . . . . 18*61 

Loss by ignition, .... 1*52 

99*57 

In addition to these minerals, magnetite seems to be present in all 
the syenitic rocks of the entire district. 

♦ Proceedings of the Geological Society of London (6th February, 1856, pp. 
196-7). 
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At Grange Irish, near Carlingford, the granite comes into contact 
•with carboniferous limestone, which it appears to penetrate in dykes, 
becoming converted into anorthite syenite, having the folio wing composi- 
tion: — 

Granite converted into Syenitey found in Byhes in Carhoniferotis Limestone, 

at Ghrange Irishy near Ca/rlingford. 



Silic^,, .... 
Alumina, . . . 
Lime, . . . . 
Magnesia, . . . 
Iron protoxide,* . 



47-52 

28-56 

15-44 

1-48 

7-23 

100-23 



Assuming this dyke to be composed of anorthite {x)y and augite 
(y), the most probable composition is derived from the equations 

(1) Alumina equation : 

2856 = 34-7 ;r+ 9-4 y. 

(2) Magnesia equation : 

148 = l-6a? + 2-4y. 

From these equations we find 

Mineralogical Composition of Dyke. 

Anorthite {x)y 80*2 

Augite (y), 7-9 

Paste, 11-9 



100-0 



Chemical Composition of Paste, 





Observed. 


Calculated. 


Paste. 


Silica, .... 
Alumina, . . . 
Lime, .... 
Magnesia, . . . 
Iron protoxide, . 


47-62 

28-66 

16-44 

1-48 

7-23 


40-81 
2-866 

16-04 
1-48 
1-47 


+ 6-71 
0-00 

-f 0-40 
0-00 

+ 7-56 



♦ If the granite veins be altered into anorthite and augite syenite, they must 
obtain the iron from some source distinct from either the granite or the limestone. 



104 JOUKNAX OF THE ROYAX GEOLOGICiiL SOCIETY OF IBELA^D. 

It is not possible to say how much of the iron of the paste is 
present as magnetite, in consequence of the imperfect chemical deter- 
mination of the relative proportions of peroxide and protoxide; but if no 
part of the iron assume the form of magnetite, the paste will have the 
following composition : 

Percentage Composition of Paste in Syenite Dykes in Carboniferous 
Limestone at Grange Irish^ near Carlingford. 

Silica, . 52*0 per cent. 

Lime, 3*3 

Iron protoxide, . . . . 44*7 



1000 



Si O2 0-867 

CaO 0-059 

FeO 0-621 



I 0-680. 



XIX. — Anniveksary Address delivered before the Eoyix G-eolo- 
GiCAL Society of Ireland, by the President, Sir Robert Kane, 
LL.D., M.R.I. A. 

[Read 9th February, 1876.] 

Gentlemen : — The period which has elapsed since our last Anniversary 
Meeting has been marked by a sensible improvement in the condition 
of the Society, not only as regards the number of our members, and 
of the papers contributed to our proceedings ; but also by the display 
of greater activity in scientific research, and of enlarged sympathy with 
the results, upon the part of those who, from their professional pur- 
suits, or from cultivated taste, occupy themselves with those branches 
of science for whose study this Society has been founded. For this 
useful and creditable progress, we are, in my opinion, mainly indebted 
to the advice so urgently given, and to the example so worthily shown, 
by my esteemed friend, our late President, Professor Hull ; who, in 
his eloquent address, when retiring from the position he had so suc- 
cessfully occupied, summarized the desiderata of geological inquiry, 
which he thought might be most usefully taken in hands, and animat- 
ing his fellow-labourers with that breath of vital intellectual energy 
by which he was himself inspired, stimulated them to those exer- 
tions to which we owe the progress which this Society has recently 
made. I cannot pretend, that in addressing you this evening, my 
words should have such weight, as naturally belonged to the sugges- 
tions of one whose well-earned position in geological science conferred 
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rather than derived authority from the Presidential chair. I feel that my 
relations with geology, and with this Society, are of a much more humble 
type ; that I take part in your proceedings more as a' learner than as a 
teacher; that my place is rather with those who glean in the paths of 
the pioneers of science, than with those leaders by whose original con- 
ceptions new paths of inquiry are opened out. Having devoted myself 
during my own period of scientific activity, almost exclusively to those 
branches of physical and chemical inquiry, whose bearings upon geo- 
logy were but collateral and indistinct, in the then existing state of 
science, it has been to me of great interest to observe the growth of a 
more intimate and better grounded connexion, between those branches 
of learning where the laws of phenomena and the methods of inquiry, 
which have been so fruitful of discovery in the fields of chemistry and 
physics, may be rendered available as aids to the solution of those great 
questions of geological origin or transformation ; and that those vast 
and complicated changes which involve for their completion magnitudes 
in time, in space, and energy, transcending all human imagination, 
may yet, when, as it were, seized in their inception, and examined, as 
it were, in their microscopic anatomy, their molecular actions, and 
in their minutest parts, be made intelligible, and their nature clearly 
indicated by the careful and cautious application of the light afforded 
to their study, by the principles and processes of physical and chemi- 
cal science. There may thus be obtained for the use of the philoso- 
phical geologist, a means of accurate investigation of many difficult 
questions, now vainly waiting for solution, and which may afford to the 
phenomena of Plutonic and metamorphic geology, such guiding light 
as the application of zoology and botany supplied, for establishing the 
philosophical relations of the stratified rocks. That I am not singular 
or over sanguine in expressing such anticipations is evident, not merely 
from the observations of Professor Hull, in his last address, but also 
from the researches which he and others of our members have under- 
taken in that direction, and to which I shall have to recur elsewhere. 
Before proceeding further, however, with any such considerations of 
merely theoretic interest, it is my duty to notice briefly the papers, 
which, during the past twelve months, have been submitted to the 
Society, and which have formed the substance of our proceedings. In 
doing so, I shall not take them exactly in the order in which they were 
read, but shall arrange them in some groups, which, as it appears to 
me, will better exemplify the natural connexion of their subject-matter, 
and of the methods employed in such enquiries. 

For an important portion of our proceedings, the Society is natu- 
rally indebted to the active exertions of the director and the officers of 
the G-eological Survey of Ireland, whose observations made in carrying 
out their great work are usually communicated to this Society, and 
constitute, as might be expected, material for our meetings of great in- 
terest, practical and theoretic. Of such papers, I would mention that 
by Mr. G. S. Kinahan, on **The Denudation of the Valley of the 
River Slaney, along the line of fault, and the formation of its estuary 
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out of the drift, principally during the period of the 25 feet beach." 
The author has traced the history of various alternations of elevation 
and subsidence which that district has undergone, and concludes that 
the present position of that estuary has been due rather to marine than 
tofluviatile action. 

Our excellent Secretary, Kev. Mr. Close, directed attention to the 
bendings over, near the surface, of highly inclined strata ; and in refe- 
rence to exsunples occurring at Lismore and elsewhere, he discussed the 
question, as to how far the gravitating action of a hill side, or the 
driving of an ice sheet, could better explain the phenomena. In Lis- 
more, he considers the weight of the hiU to have acted, as the main di- 
rection of the ice was opposite ; and the slope of the hill being very 
slight, it serves to show the great force which may be exerted, when 
long continued, under even a very small angle. Similar considerations 
have presented themselves in regard to the eocene beds, in the north- 
east side of the Isle of Wight, to our distinguished Treasurer, Kev. Dr. 
Haughton, who gave us an account of an excursion made by him to 
that interesting island, and described the remarkable position of the 
Poseidomyas, which, in the nearly vertical beds, are relatively, to the 
matrix, nearly in the original position of boring down through the 
mud, as also the shattered condition of the flints on the shores of 
Alum bay, which show that they were subject to great strains 
while in the chalk strata. The learned author considers, therefore, 
that the violent folding of those beds was effected by a somewhat sharp 
and severe thrust, with horizontal compression, which he regards as 
having been contemporaneous with the folding of the same formations 
in the Pyrenees on different anticlinals. 

The question of the occurrence of true upper boulder clay in Ire- 
land has been well discussed by the officers of the Geological Survey. 
Mr. Hardman, who has brought the subject before this Society, is of 
opinion that it is unquestionably to be found in various places in Ty- 
rone, Queen's County, Carlo w, and Kilkenny, in all which districts 
he describes localities and gives sections illustrating his views. In 
regard to some of those, and especially as to Archer's G-rove^ Kilkenny, 
Mr. Hardman' s observations have been confirmed by those of Profes- 
sor Hull. 

The evidences remaining over the surface of this island, of the 
former existence of extensive glacial action, have been the subject of 
several communications, especially in relation to the distribution of 
the great gravel or Esker deposits by the tides or currents of the 
glacial seas. Mr. G. H. Kinahan called attention to an outlier of 
glacialoid, or rearranged glacial drift, at Knockree, one of the Moume 
hills, which had been mistaken for a portion of the upper boulder clay 
already alluded to ; and Dr. Macalister communicated observations on 
the glaciation of West Argyleshire, which help, in an important de- 
gree, to illustrate peculiarities in the phenomena of glaciation in the 
north-east of Ireland, the nature of which has been discussed by Dr. 
Macalister, and by Professor Hull. 
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To our ex-President we are indebted for an interesting paper on 
the metamorphosis which the Carboniferous limestone at Haulbowline, 
Co. Cork, has undergone, its bedding being almost obliterated, and a 
N, and S. jointage substituted instead. These beds had undergone 
the crumpling-up for which they are remarkable, before being thus 
metamorphosed ; and the change of mineral character, having been 
effected by tranquil percolation of strongly charged calcareous waters, 
had given origin to the varied characters of marbles of which we have 
seen such beautiful examples. The process appears to have been 
completed prior to the deposition of the upper trias beds. 

Other not quite analogous examples of metamorphism of the Car- 
boniferous limestones have been observed, especially in the quarries 
at Skerries, by our colleague. Dr. Frazer. The replacement appears 
to have been principally by carbonates of iron and manganese, which, 
by subsequent oxidation, produced ochreous nodules filling cavities in 
the limestone, and spreading within its beds. 

The next class of papers to which I have to direct attention, and 
which I consider most valuable contributions to our proceedings, are those 
in which the assistance of chemistry, mineralogy, optics, and mathe- 
matics, has been brought to bear upon the solution of important ques- 
tions of the origin, constitution, and metamorphism of rocks. For tiiese 
we are, as in so many other respects, principally indebted to Pro- 
fessor Hull, and to our Treasurer, Rev. Dr. Haughton, who, applying 
to those complicated problems the many-sided lights of his varied and 
brilliant intelligence, has not merely hunself shown what valuable re- 
sults can be obtained by applying those aids of collateral science to 
geological inquiry, but has been most usefully influential in aiding 
and directing the researches of others of our fellow-labourers in the 
s£une, or in similar, fields. 

An example of this scientific study of metamorphism may be found 
in Professor Hull's paper on the microscopic study of the indu- 
rated slate, from Claremont Hill, near Dundalk. This slate is 
baked and altered by the heat of the adjacent traps. It has a matrix 
paste, a translucent glass containing unaltered grains of silica, and was 
analysed by Dr. Haughton. It was found to contain large proportions 
of alkalies and lime ; it was, therefore, comparatively eaisily altered at a 
temperature below 3000° Cent., and its vitrification appears to have 
been accompanied by the separation of its principal iron element, under 
the form of magnetite, in distinct crystalline grains. 

The neighbouring locality of Moume has also given origin to an 
important paper of this class, that by Rev. Dr. Haughton, on the 
trap dykes of the Moume district, of which sufficient has been 
already laid before the Society, to show the interest it will present 
when its fully-developed methods and results shall be brought forward 
by its learned author. In the portions already read (omitting for 
the present the chemical and microscopical details). Dr. Haughton de- 
scribes the three great divisions of the Moume granites: — 1st, the 
Moume Mountains proper; 2nd, the Slieva Croob and J^ewry axi«; 

JOXTRN. R. G. S. I. VOL. IV., N. S. K, 



108 JOUBWAL OF THE fiOYiX GEOLOGICAL SOCIETY OF IBELANB. 

and 3rd, the Carlingford district, and especially the masses and dykes of 
syenite from Slieve Gullion to Carlingford. These syenites and 
granites are practically contemporaneous, as each sends veins into the 
other, and into the carboniferous limestone, in various places between 
Dundalk and Carlingford. Dr. Haughton believes these syenites to 
have been formed from granite, by the introduction of lime and mag- 
nesia from the carboniferous limestone, and of iron from elsewhere, a» 
he has followed such veins from the granite into the limestone, and 
found that they have changed their composition ' within their new 
matrix. The syenite, he concludes, is- thus the granite altered by the 
limestone, the alkalies of the granite having been removed, and re- 
placed by lime, magnesia, and iron. Dr. Haughton naturally explains 
that chemical analysis alone is quite insufficient for determining the 
mineralogical composition of such rocks, on account of the paste 
which, being of indeterminate constitution, renders the whole problem 
vague. To remove this vagueness the microscope lends its aid, and 
revealing the presence or absence of certain crystalline minerals, gives 
a numerical ground on which the mathematician may operate, and by 
means of a form of indeterminate analysis, arrive at the maximum 
and minimum limits of the quantities in which, under the given cir- 
cumstances, these minerals can be formed. With a subject presenting 
such great and varied scientific interest, and in hands which can lend,, 
even to the dreariest of subjects, a pc^ular and exciting interest, it 
can be understood, that the continuation of Dr. Haughton's paper, and 
the discussion of its details will yet probably afford to the Society more 
than one evening of intellectual enjoyment. 

In addition to those proceedings of more specially geological impor- 
lance,we have to thank several of our members for notices of chemical and 
mineralogical interest, which, however, are by no means destitute of a 
geological bearing. Thus, our colleague and secretary. Dr. Reynolds, 
whose recent elevation to the University Chair of Chemistry has been 
hailed with so much approval, as the meet reward of his scientific 
merits, has taken advantage of the abundant development of beryls in 
the granites of Donegal, to prepare and to exhibit to us in large quan- 
tities the earth glucina, hitherto known only on the small scale, and 
will thus be in a position to determine, by a complete study of it» 
compounds, whether it belongs to the magnesian or to the aluminum 
group, and what is its exact equivalent number, and its specific heat, 
questions which still remain imdecided. Dr. Reynolds has also ana- 
lysed and exhibited a new variety of boracite; and Dr. Frazer, the 
arsenio-phosphates of lead, associated with IcEid ores in Wicklow. Mr, 
Tichbome has also supplied some useful chemical notes, especially in 
reference to the extensive diffusion of fluorine in rocks and minerals, a 
subject which, taken in connexion with the association of fluorine 
with phosphorus, and of both with organic beings, is worthy of further 
careful observation. 

This research of phosphoric acid in the metamorphic and Plutonic 
locks becomes specially of interest, as it may afford an indication of 
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the extent to which these mineral masses, in their original formation, 
included organic remains, which, by the subsequent processes to which 
they have been subjected, have lost all proper form, and exist only as 
mineral elements in newer combinations. It is thus that certain 
lower Silurian and€ambrian beds, destitute of fossils, yet give on analysis 
such traces of phosphorus as point out their original formation to have 
been in seas rich in organic life ; and even in such accumulation as in some 
of the Bala beds, may furnish deposits of phosphatic nodules of great 
commercial value. These observations are specially of interest to us 
in Ireland, where, owing to the rareness of those newer formations 
which furnish the valuable coprolite beds of Cambridge and Suffolk, 
such sources of agricultural wealth are absent ; but where, the older 
Cambrian and siluiian strata being so largely developed, we may have 
a field for discovery of accumulated remains of early organic life, 
which may become the sources of industrial activity. 

We owe 'to our distinguished Treasurer, Rev. Dr. Haughton, a 
paper on a subject of Physical Geography, of great popular as well as 
of scientific interest, that of the tides of the American Arctic Archi- 
pelago, and their influence on Polar expeditions. The writer describes, 
with his usual lucidity of style, the entrance of the tide wave into the 
Arctic Polar basin, by the three channels: — 1, Behring's Strait ; 2, 
Davis Strait ; 3, the Greenland and Barenz Seas. Of this third wave 
little is known. The first he considers a simple lunar semi-diurnal tide ; 
the second is complex, consisting of lunar and solar semi-diurnal, and 
lunar and solar diurnal, tides. These two sets of tides must meet, as 
the author considers, in Maclure's Strait, and at the line of meeting 
there is still water, and, consequentiy, undisturbed block ice, most pro- 
bably impassable for ships. He further considers that if — as is not 
unlikely — the Behring's Strait wave meets the united Atlantic waves 
to the north of Greenland, and on this side of the pole, sledges will be 
more likely than ships to reach the pole. Every element of informa- 
tion on this subject has an almost painful interest, as connected with 
the dangers surrounding the undaunted explorers of those ice-bound 
seas^ who now, midst the sunless desolation of the Arctic winter, seek 
at the peril of their lives to solve those problems of scientific geo- 
graphy, which we in the comfort of our homes discuss at ease. Let 
us look forward to their safe and glorious return, with success achieved, 
to their country and to their friends. 

. I have thus briefly and imperfectly described the various labours 
which have occupied the Society during the past year, as regards the 
papers read, and other communications made to our meetings. But 
the labours of our members have extended over even a wider field, 
but still so connected with our own immediate work, that it would be 
improper to leave it entirely without notice. The more abundant 
means possessed by the Royal Irish Academy, for the publica^tion of 
memoirs which, by extent of matter or richness of illustration, should 
be too costly for the resources of this Society, have enabled many of 
our members to arrange for publishing important and elaborate me- 
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moirs on geological subjects, in the Transactions of that institution. In 
this, the two bodies do not in any way interfere. The researches are 
equally, in substance or in abstract, also laid before us here, and supply 
valuable material to our discussions ; and it is most desirable that in 
this way, with judicious husbanding of our resources, the two cognate 
national institutions may proceed thus hand in hand, in promoting the 
cultivation, and honouring the cultivators, of geological science. Of 
the important memoirs which have been thus laid before the Royal 
Irish Academy by our members, and have been printed by that body, 
I may mention, among others, the elaborate researches of Professor 
Hull, and of Rev. Dr. Haughton, on the " Mineralogical and Che- 
mical Constitution of the Lavas of Vesuvius," a work which, in regard 
to the labour which it required, the varied knowledge which its exe- 
cution involved^ and the important bearing of its results upon the 
theory of the formation of igneous rocks, may be expected, when com- 
plete, to constitute one of the most valuable contributions which have 
recently been made to the literature of geological science. 

In bringing these observations to a close, it would be neglectful 
were I not to make some remark upon the loss which geology had sus- 
tained, just at the opening of our year, by the death of Sir Charles 
Lyell. I shall not attempt to bring before you any review of the 
labours of that eminent man. It would be but an impertinence in me, 
in presence of many who were his associates in geological inquiry, to 
attempt what I could only dwarf by my insi^cient execution. I 
omit, therefore, all such review, the more that, just at this time, from 
the presidential chair of the London Geological Society, with which 
Sir Charles Lyell had been through life so closely identified, there is 
certain to proceed a description of his life and works suited to the. 
occasion, and worthy of the man, and of his place in the history of 
science. I shall only make one remark, which is, — ^that I regard the 
great distinction of Sir Charles Lyell, and the main cause of the 
great influence which he exercised on the progress of geology, to have 
had its source, in the completeness and many-sidedness of his mental 
and scientific character. He was not, by any means, merely a geolo- 
gist ; he was not even exclusively a man of science. Bom under cir- 
cumstances highly favourable to his intellectual and social culture ; 
the son of one, himself a scholar and a man of science of no mean 
rank, Sir Charles Lyell prosecuted with equal ardour, and with 
similar success, the pursuits of literature and of science, combining, 
amidst the glorious scenery of Italy and Sicily, the studies of the 
classical, with the researches of the geological, inquirer. It was by 
this wide and generous sympathy with art, with antiquity, and with 
nature, that he was freed from the thraldom and narrowness of pre- 
conceived doctrines and theories, that he was enabled to look at phe- 
nomena as they were, and measure them by their proper standard ; 
that, from the ever shifting levels of the Mediterranean shores, he 
was enabled to infer what had taken place, in ages back, from what he 
saw taking place before his eyes j and, bringing into geological account 
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the scientific and sure philosophy of close induction, he was enabled 
to establish, upon a firm basis, the real influence of existing causes of 
geological change, and thereby to lay the foundation of what now 
constitutes the Philosophy of Geology. Such is my view of Sir 
Charles Lyell, and I trust that we shall always possess among our 
leaders in science men like him, equally examples of what is worthy 
of respect in the scholar, the philosopher, and the man. 

I thank you, gentlemen, for the indulgence with which you have 
heard what to many here must have appeared but the dull iteration 
of those topics, which already they had heard more fully and more 
forcibly discussed on other occasions. It is, however, by bring- 
ing together and co-ordinating the work which has been done by 
our members during the past session, that we are able to fully appre- 
ciate the value of what has been accomplished, to recognize how much 
remains still to be done, and to judge in what fields the exertions of 
our workers may be most profitably employed. If I have done, as I 
certainly wished to do, justice to those who have sustained the reputa- 
tion of the Society during the past year, and given, in any sensible 
degree, guidance and encouragement to those to whom we may look 
for our future progress, I shall have attained the object which I had 
in view, and I shall esteem myself happy in being again favoured with 
the opportunity of presiding at your meetings. 



XX. — Notes on the Stetjctxiee of Haulbowline Island, Coek Hab- 

B0T7E AND ON THE GEOLOGICAL AgE OF TtfE PlEXTJEES OF THE StEATA 

IN THE S. W. OF Ibeland. By Professor Edwaed Hull, M.A., 
F. B. S., Director of the Geological Survey of Ireland. 

[Read 8th December, 1875.] 

Having recently visited the Island of Haulbowline, in Cork Harbour, 
accompanied by Mr. Kinahan, of the Geological Survey, for the pur- 
pose of reporting to the Admiralty on the practicability of obtaining 
fresh water by means of an artesian well, I made some observations 
on the structure of the Carbomferous limestone there, which may not 
be without interest to the Pellows of this Society. 

The island lies opposite the mouth of the River Lee, where it 
enters Cork Harbour; and the main channel, less than a quarter 
of a mile in width, and with a depth of five fathoms at low tide, lies be- 
tween Black Point, on the north coast, and the cliffs of limestone, which 
plunge into the water along the north-west margin of the island. 
From these cliffs the ground slopes downwards towards the east, and 
the limestone rock becomes covered up by boulder clay and gravel, 
which stretches eastward under the water into the long spit, due to 
the position of Spike Island. The Admiralty are now constructing 
graving docks of the largest size at the island, in doing which they 
avail themselves of the forced labour of the convicts of Spike Island. 
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The limestone of Hanlbowline is described in the Memoirs of the 
Geological Survey* as composed of thick-bedded grey limestone, tra- 
versed by numerous joints, as well as by fissures and cleavage 
planes, which prevented any determination regarding the original stra- 
tification. Since that time, however, the rock has been opened out in a 
quarry, which yields large blocks for the construction of the docks, and 
better opportunities are thus afforded for observing its characters. On 
referring to the Geological Survey map (sheet 195), or to the map of 
Sir R. Griffith, it will be seen that the limestone of the island lies close 
to the axis of a sharp synclinal fold, which runs in a direction about 
E. 10° N., and W. 10° S.; as the base of the limestone, with the under- 
lying Carboniferous slate, appears on the north shore of the channel, 
near "White Point, with a southerly dip, and again at Spike Island, with 
a northerly dip. North of the island, the boundary between the slates 
and the limestone must run along the centre of the channel, and is 
concealed from view. 

As regards the limestone of the island, it was clear, upon close in- 
spection, that it has undergone great changes since the period of its 
formation, and even subsequent to the production of the foldings and 
tortions to which, slong with all the rocks of the district, it has been 
subjected. The bedding is almost entirely obliterated, and we were 
only able to observe true stratification in one spot, in which the rock 
was rather shaley ; here the dip was southerly, at 75°. In the next 
place, with the exception of some crinoid stems, nearly all traces of fossils 
have been obliterated. This has been confirmed by the microscopic 
examination of a thin slice, kindly made for me by Mr. Howard Grubb, 
which consists of carbonate of lime, either in an amorphous or crystalline 
state, but without any trace of organic structure. Now it is impossible 
to doubt that originally the rock was made up of calcareous shells, or 
skeletons of marine forms of life, and their absence is a sufficient proof 
to my mind, that the rock has undergone a change of condition, or trans- 
formation, since it was originally deposited. In addition to this, it is 
penetrated by veins of calcite, interlacing and ramifying about in all 
directions. Sometimes, also, the calcite has been stained red by iron 
oxide, in blotches and strings ; and owing to these accidents of trans- 
mutation, the stone, when polished, produces a very handsome 
marble. f The whole of the phenomena above described combine to 
show, that the limestone of Haulbowline has been completely replaced 
by carbonate of lime, in a crystalline or amorphous state, through the 
agency of waters charged with carbonic acid permeating the whole of 
the mass, and alternately dissolving out, and again precipitating from a 
state of solution, the same mineral in a new form. 



* Explanation to accompany sheets 187, &c., of the Survey maps, p. 52. 

t Specimens of the marble, presented to the author by Mr. Charles Andrews, 
Superintendent of the works in Haulbowline, were exhibited at the meeting of the 
Society, and have been presented to the Royal Dublin Society. 
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Now, it must, as I think, be clear, that there have been two suc- 
cessive stages of this transformation, as the white calcite veins are 
later than the dark grey amorphous mass through which they ramify ; 
while the formation of the amorphous mass itself is of later date than 
the flexures or crumplings of the rock, which are obliterated. Nor is 
it improbable, that if the rock had remained in its original nearly hori- 
zontal position, as it does over large tracts of the central plains, little 
alteration in its organic structure would have taken place. In the 
neighbourhood of the Haulbowline limestone, the crushing force 
exerted on the limestone must have been excessive, while at the samo 
time it would have been thrust downwards along the axis of the trough, 
relatively to the position of the anticlinal arches simultaneously pro- 
duced. 

In such a position, occupying the bottom of a narrow trough, un- 
derlaid by nearly impermeable shales or slates, and traversed by joints 
and fissures produced during the period of the terrestrial movements, 
the rock would be in a state highly favourable to the action of water 
charged with carbonic acid, which, in process of time, would appear to 
have completely transformed the original rock. 

At some subsequent period, the white calcite veins were infiltered 
amongst cracks and fissures arising from fresh terrestrial movements, 
while the red iron oxide was the last of the deposits. 

The manner in which the highly flexured strata of this part of 
Ireland have received their present surface form of parallel ridges and 
valleys, has been admirably elucidated by the late Professor Jukes, in 
his paper on **The Origin of the River- Yalleys of the South of Ireland ;"* 
while Professor Harkness has shown how the limestones are (when 
pure) traversed by systems of jointage, which seem to depend partly 
on the crystalline form of calcite, and to have been brought about by 
mechanical forces, subsequently to the consolidation of the rock itself. f 
He also remarks upon the frequent obliteration of the planes of bedding 
in the limestone, and their replacement by parallel systems of cleavage 
or jointage, traversing the beds in a direction at right angles to the 
strike. These observations harmonize with those here pointed out aa 
affecting the limestone of Haulbowline. 

But the question still remains, at what geological period were 
these strata crumpled and folded along the numerous approximately 
eastward lines of flexure ? In the south of Ireland there is manifestly 
no means of answering this questioi;i, as the Carboniferous beds do not 
come in contact with any formations newer than themselves. We 
are, therefore, obliged to have recourse to analogy with other districts ; 
and on comparing the lines of disturbance which have influenced the 
Carboniferous and Devonian rocks of the south-west of England, and 
Wales, with those of the south of Ireland, and observing their identity 



* Quart. Jour. Geol. Soc. Lond., vol. xviii. 
t Ibid., vol. XV. 
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in direction, and similarity in intensity, we can scarcely hesitate to 
assign them both to the same geological period. 

That this period is older than that of the Upper Trias or Keuper, 
is clear from the almost horizontal position in which the strata of this 
age rest on the disturbed and denuded edges of the Carboniferous rocks, 
around the Somersetshire and S. Wales coalfields, and along the flanks 
of the Mendips ; but throughout this part of Britain the Permian for- 
mation is entirely unrepresented, and we are still left in uncertainty 
whether the disturbances took place before or after the Permian period. 

In order to find an answer to this question, it is necessary again 
to appeal to analogy, and refer to other districts in Britain wh^e the 
Permian rocks are in contact with those of Carboniferous age, and so 
we look to the north of England, and find iix the districts of Lancashire 
and Yorkshire the data we are in search of. 

Now, in this part of the country, it has been shown by the late 
Professor Phillips,* and by the officers of the Geological Survey, f that 
the Carboniferous strata are bent into numerous folds, sometimes not 
very sharp, but all nearly parallel, and ranging in directions similcu* 
to those of the S.W. of Ireland, and of the S.W. of England, and 
Wales. And as parallelism of direction may be assumed (in accord- 
ance with the views of Von Buch) to be evidence of identity as regards 
the age of such flexures, we may conclude without much hesitation, 
that the disturbances of the Carboniferous strata of the south of Eng- 
land and Ireland are of the same age as those of the north. 

Now, the position of the Permian beds in the north of England — 
resting as they do on the denuded surfaces of these Carboniferous beds 
— clearly proves that the disturbances and denudation of the latter 
took place before the Permian period had set in. It is on this account 
that in Lancashire, Yorkshire, and Durham, we find Permian beds 
resting on successive members of the Carboniferous series, from the 
coal-measures and millstone grit down to the mountain limestone, in 
which case the denudation has been to the extent of thousands of feet 
of strata. 

From all this, I conclude that the Carboniferous and Devonian 
rocks of the south of England and Ireland were bent and folded along 
the main lines of flexure which are so remarkable and persistent im- 
mediately upon the close of the Carboniferous period, and before any 
beds of Permian age were deposited. 

Upon the formation of these great flexures in the south of Ireland, 
which must have resulted in the production of high ridges and deep 
parallel valleys, sloping off into a more level plain towards the 
north, and exposed to the agencies of denudation, - that system of 
drainage set in, which, after the manner described so well by Mr. 
Jukes, ultimately resulted in the formation of the present features of 
the country. 

* Geology of Yorkshire. 

t Hull, " On the relative ages of the leading Physical Featurec and Lines of Ele- 
ration of Lancashire and Yorkshire." — Quart. Jour. Geol. Soc. Lond., vol. xxiv., 
p. 323. 
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XXL — IitisH Deift. Sub-geotjp — Meteoeic DEn-x. G. H. Ejnahan, 

M.E.I.A. 

[Read April 12, 1876.] 

In Ireland a considerable portion of the drift must be glacial, or ice- 
formed, as it is similar to the ice-formed drift accumulating in other 
countries at the present day ; a second group is aqueous, or water- 
formed ; and a third meteoric. In the study of the drift phenomena 
of the country, those belonging to the third group are usually ignored ; 
yet they are of considerable importance. In this communication it is 
proposed to direct the attention of the Society to the meteoric drift. 

Meteoric drift may have its origin fiom the combined effects of 
two or more of the subaerial agents, or the accumulations may be 
almost entirely due to wind action. It is known that if a country is 
devoid of a protecting envelope of vegetation, its surface is more sub- 
jected to meteoric abrasion than under other circumstances. 

This can be studied to a small extent at home. If land is in tillage, 
the surface soil is invariably carried from higher to lower ground, 
so that if a field slopes very much, farmers are compelled to cart the 
soil up again ; otherwise the low portion will have a deep soil, while 
the high portion will have scarcely any. Meteoric denudation, however, 
is more striking on a hill-side, where a cart-track or drain made in the 
summer will often be considerably widened and deepened during the 
winter, tons of detritus being carried down to be lodged on some piece 
of more level ground.* We can also study this action in railway or 
other cuttings and embankments, if the slopes are left for any time 
unsoiled ; also in such a place as the neighbourhood of Swansea, where 
the fumes from the smelting furnaces have destroyed the protecting 
coat of vegetation ; while abroad Agassiz has drawn attention to the vast 
quantities of meteoric drift found in Brazil; and other observers 
have recorded similar action in India, Abyssinia, and elsewhere. 

The delris due to the different agents classed as meteoric denu- 
dants is carried from higher ground by wind and water to lower 
levels, where it accumulates, the mass varying in thickness accord- 
ing^ to the length of time the wasting surface is unprotected; 
also being greatest in low land adjacent to hills. In Ireland, as the 
former ice covering gradually retreated, the surface of the ground 
must have been left unprotected ; also after the retreat of the Esker 
sea (350 feet beach) ; and, but to a much less degree, after the retreat 
of the seas that have left marginal lines at about the 100-feet and 25- 
feet contour lines of the Ordnance Survey. This suggestion is 
borne out by the facts observed, as in many places, particularly in 
south and south-west Ireland, there are drifts evidently neither glacial 

* In the Killaloe district such a stream, "in three or four days of heavy rain," 
carried down with it detritus that covered about an acre of meadow land, on an 
average three inches deep. — Memoir Irish Branch Geological Survey, Ex, Sheet 
cxzziii., p. 33. 

JOXJEN. E. G. S. I. — VOL. IV., N. 8. L 
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nor aqueous that extend over vast tracts, ranging from a few inches in 
thickness on high ground to many feet on the low lands. This drift 
when formed from the weathering of shales or slates, as in the south 
of Ireland, is for the most part, an angular, gravelly drift, while the 
weathering of sandstones forms fine sands. In the county of Limerick 
the weathering of the dolerytes and eurytes forms a rich, yeUowisli, 
deep soil, in places, over the ** limestone gravel" of the country. 
The weathering of the other different kinds of rocks forms local varieties 
of meteoric drift not necessary to enumerate. We may, therefore, pass 
on to the weathering of older drifts. 

Meteoric drift, formed by weathering from older drifts is often 
more or less confusing, and has led to classifications of the drift 
that will not bear careful investigation. Re-arranged glacial drift 
(fflactaloid drift) may be very similar to the original glacial drift from 
which it has been formed, and careless observers may easily mistake 
the former for the latter. Usually, when an old drift, whether clayey 
or gravelly, weathers, the materials are more or less sorted, the clayey 
and sandy particles separating, while the coarser materials are 
congregated together. This is especially the case when the weathering 
takes place on a steep slope, the larger fragments rolling down, while 
the smaller particles are carried away by water or wind. If the 
weathered drift is glacial, the re-arranged meteoric drift will contain 
innumerable glaciated fragments, as their carriage from higher to lower 
ground could not obliterate the striae, and in many cases not even the 
glacial etchings and polishing. In many cases a little examination 
will show that such supposed glacial drifts graduate into, and are part 
of, a series of stratified drifts ; or their position is such that they over- 
lie accumulations whose age is long subsequent to the Glacial Period.* 

Some meteoric drifts are due to the weathering of cliffs, which in 
places may be caused by the denudants, water and the atmosphere com- 
bined ; such as, the weathering of a cliff margining a lake or a sea. Such 
a cliff must form and weather as often as the water is stationary for a 
time at any levels (a, a\ 
and a" J Fig. 1.), whether 
the water be rising or fall- „ 

ing ; and in either case the ' 

denudations will be due to 
the waves of the water un- 
dermining the cliff, while o;' 

meteoric action loosens the 
upper mass, and accele- 
rates its faU. The drift ^ 
formed by this weather- ~~Z^ 
ing, especially if the water __^-^^ — ^^ 
is falling, will in great -p. , 
measure be similar to the 



* Some glacialists contend that every drift in which any glaciated fragments 
are found must be glacial ; the fallacy of this, however, ought to be apparent. 



KIXAHAN ON IRISH DRIFT. 117 

original drift, whether glacial, aqueous, or older meteoric drift, 
as the materials contained in the masses forming the slips may 
•often he left nearly, if not quite, undisturbed. This action maybe 
aeen going on at innumerable places on our coast, and at the margin of 
lakes. Other re-arranged drifts are solely due to meteoric action on 
cliffs, in which case the newer diift must also be very similar to that 
from which it has been formed. These meteoric slopes of detrittis 
lead to erroneous conclusions, for in many places they consti- 
tute due masses of a re-arranged ancient drift lying on a newer. 
This seems to be a very important point in the consideration of the 
•drift phenomena. Therefore it may be allowable to place on record 
some loijalities in which, either naturally or artificially, apparently 
4mcient drifts now lie on quite recent accumulations. 

On the west coast of Galway and Mayo, in places between Mannin 
4md Clew Bays, there are large slips in the cliffs of glacialoid drift which 
•cover up a greater or less quantity of the recently formed beach. 
Among the west Galway hills, in places, there have been slips in 
the dnft slopes — masses sliding down into the valleys and coveriug up 
the recently formed fluviatile drift ; and similar slips may be seen 
4imong the Tipperary hills. 

In Wexford harbour there were drift cliffs margining the north 
intake from the sea. These in many places have been since changed, 
-either naturally or artificially, into slopes ; but in either case more or 
less of the re-arranged ancient drift now lies on the recent estuarine 
accumulation. On the coast between Wexford and Arklow the 
sea is generally margined by drift-cliffs that are yearly being denuded 
backwards. In some places, however, the marine denudation has 
<*eased for many years, and meteoric abrasion has changed the former 
cliffs into slopes, the re-arranged ancient drift now extending outwards 
irom twenty to one hundred and fifteen feet over the recent sea-beach. 
In one section, exposed by a stream across such a slope, in the town- 
land of Tinnabema, there is a depth of nearly twenty feet of a drift, 
similar in aspect to the drift of the adjoining country, on the recent 
shingle and gravel. Somewhat similar cliff- weathering has taken 
place near CuUenstown, on the south coast of "Wexford, where a cliff 

■of glacial drift has wea- , 

thered, and its dehrts co- a ' 

vers up part of the recent 
beach, for a considerable 
-depth and width. 

Also on the south coast 
of Wexford, and a little 
west of the last locality, 
there seems to be a post-drift 
fault, of which Fig. 2. is 
ii diagrammatic sketch : a 
and a' being sandy, clayey 
<lrifts, containing angular 

l2 
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fragments and faint lines of deposition ; 5, a substance like calcareous 
tufa; r, a wall of brecciated stuff like fault rock; d, a patch of sand 
near the wall, of a peculiar reddish colour ; e' and e, brecciated, 
unstratified drift ; /, a recent bank or talus due to the weather- 
ing of the cliff ; and g the strand. The supposed fault was so peculiar 
that it was again visited after rough weather, when the sea had cleared 
away the dehru from the base of the cliff. Then it was evident that 

tf and a' are very recent meteoric 

diift; h, calcareous stuff that co 

remained in an old limekiln; 
Cy brecciated stuff, apparently 
baked and scmifused drift ; d\ 
sand altered slightly by the heat 
of the limekiln ; d^ a pocket of 
sand in the drift and e drift. 
Although the diift (a and a') 
above the site of the limekiln 
must be very recent, yet it seems 
to be identical in aspect with 
the normal upper drift in the ^^* ^' 

cliffs to the west ; and this upper drift contains so many glaciated 
fragments that one geologist said of it, **it must be glacial drift.'* 
Here we have a record, not of an older drift on a newer, but of a 
meteoric drift only a few years old that is identical in aspect with a 
very ancient drift. In south-west Galway a new course for the 
Duhallow river was cut, and in one place, after passing through what 
seemed to be glacial diift, they came on bog containing sticks Seem- 
ingly cut by man, and the bones of cows and sheep. To this place my 
attention was directed by Mr. Edward Clibborn. However, on visit- 
ing it, it was evident that a cliff of glacial drift, while weathering, had 
smothered up an old water-course, and covered part of the adjoining 
bog. A somewhat similar case may be seen in the flat southward of 
Croaghmoyle, Co. Mayo, where a glacial drift-cliff has slipped, and 
now, in the stream- section, over ten feet in depth of this diift covers 
the recent bog. In the Co. Carlow, at the stream from the coom, on 
the N. J^. W. of the summit of Mount Leinster, there is a thick angular 
drift, which, when traced northward, is found to lie on deep recent bog ; 
the latter still further northward forming a surface accumulation. It is, 
therefore, quite evident that part of this drift must be very recently- 
formed meteoric drift; yet it is similar in aspect and composition 
to the rest of the drift on the hill slope, part of which is under the 
bog. 

At the north end of Killiney strand, Co. Dublin, at the Whito 
Rock, a vast quantity of drift, taken from the cutting for the Dublin 
and Bray Bail way, was tilted over into a spoil bank. This beach 
was subsequently denuded by the sea, and a section exposed (Fig. 4, 
showing below a drift, like glacial drift {a), and above a gravelly 
drift (h). This section is so natui'al-looking, that, as I beUeve, aii 
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-eminent geologist has described the upper drift as middle or intragla- 
-cial gravels; yet no drift was there when I was a boy. Other ex- 
4xmples of recent accumulations, that 
are covered up by masses of older 
■drift, could be mentioned ; but enough 
of examples have been given to show 
how cautious a geologist ought to be 
before coming to a definite conclusion. _ 

A sub- variety of the meteoric drift ^o^ ^ ^ O 

is the Molian drift. With the sand- ° o ^o ^ o 
dunes on our coasts most people are ^ q o 
familiar, but few seem to study them, to ^ 

learn "whence they come or whither 
they go." As has been suggested in p. . 

^mother place,* some of these fine 

sands seem to have been formed in glaciers, being the giinding from 
the contained blocks subsequently carried down in the rivers and depo- 
4sited in lakes or seas. This, however, will not account for the forma- 
tion of all ^olian drift, as some, like those in places on the west coast 
of Gal way, contain more than 70 per cent, of calcareous matter, and 
4ire evidently ground-up shells or other calcareous organic substances ; 
while in other places, as on the Wexford coast, the dnf t or rocks of the 
■country may furnish the material for their origin. In all cases, no mat- 
ter what their origin, they are brought into their present position and 
form by wind ; on-shore winds during low water, carrying inland the 
small particles from the sea beach, while the larger are left behind. 
Afterwards the accumulations are ever-changing, hills being first piled 
up, then removed; hollows excavated, then filled, and subsequently re- 
excavated. If we examine sections of this ^olian drift, we find in places 
that they are obliquely laminated in a very marked manner, and if in 
the neighbourhood of peaty accumulation, they often contain, more or 
less marked, thin layers of carbonaceous matter. Fine sand, alternating 
with coarse, is usually supposed to be an aqueous drift, the fine and 
•coarse layers marking the varying strength of the currents. This may 
be correct in some cases, but in many places the fine layers are due to 
wind-driftage ; as we find in the neighbourhood of the sea, high tides 
and storm waves will deposit layers of coarse sand, and even shingle, 
which are subsequently covered up by layers of fine blown sand. This 
is well exemplified at Lady's Island Lake, Co. Wexford. Even 
glaciated blocks will sometimes be found in -^olian drift, as they may 
roll into it from higher ground, or drop from cliffs, or be carried into 
it by high tides. 

In some places, on the west coast, as in Ballinskelligs Bay, Co. 
Kerry, and elsewhere, the iEolian drift tends to fill up a portion of 
the bays, while on the east coast it more usually, in the large inlets, 
forms banks across a portion of the bay, thus enclosing lagoons. 

* Geol. Mag., April, 1871. 
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This is evidently due to the different effects ijvhich the flow-tide an(f 
the wind- waves have on the respective coast lines. On the west coasts 
in addition to the wind-driftage, there is the flow-tide current and 
the prevailing wind- waves, all coming from the westward,* which 
combined forces tend to drive the sand towards the heads of the 
bays. On the east coast the flow-tide current, in general, acts indepen- 
dently of, or contrary to, both the wind and the wind- wave drift- 
age ; for instance, in Wexfoixi Bay the flow-tide is from south ta 
north, up the Irish Sea, while the prevailing winds are from the 
westward ; where their waves met a bar formed across the inner 
portion of the bay, which has grown into the ^olian diift-ridges 
that separate the Wexford harbour lagoon from the rest of the bay. 
On the south coast, in places such as Tramore Bay, lagoons have also 
formed. Here the wind-driftage seems to have had very little to do' 
with the commencement of the formation of the barrier, but since the^ 
bank appeared above the water it has added considerably to it. 

In some places the movement of the -^olian drift is most erratic 
and difficult to account for. Thus, on Aranmore, Galway Bay, the 
sands at the S.E. of the island have been for some years regularly 
going towards the S.W., into the sea, although apparently the most 
effective and prevalent winds come from the S.W. To the east of 
Slyne Head, where the winds are similar to those on Aranmore, a vast 
tract has been stripped of its sand, which seems to have drifted to the 
S.W. ; while on the east coast the sand-hills in the neighbourhood of 
Arklo w are yearly disappearing, and exposing in their place an ancient 
gravelly beach. Of this sand the fishermen say that it is going to tha 
north-east. 

The JEolian drift formed, in ages long past, accumulations in the- 
vicinity of the margins of the different seas, and these, if carefully looked 
for, can be found, although now more or less modified and obscured by 
vegetation and cultivation. On the slopes of the hills to the north of 
the plain of Limerick there are vast accumulations of fine sand at about 
the 350-feet contour line. This would suggest that they are masses 
of -^olian drift that formed near the margin of the Esker sea ; more 
especially as they occur at the same elevation in other places, as among 
the West Galway hills, and in different places in the counties Wex- 
ford and Wicklow. Also in the county Wexford other accumulations^ 
of fine sand are found near the raised beaches that margined the seas 
that stood respectively at about the 100 and the 25-feet contour lines. 
The '* Rabbit Sands" of many other places are probably ancient 
wSlolian drifts. 

To the wind in the old geological times are probably due some of the- 

* The result of three years* observation of the direction of the wind on the north, 
west, and south coasts of Ireland gives as the mean duration for each year : — From 
the N., 35 days ; from the N.E., 24 days ; from the E., 27 days ; from the S.E., 31 
days; from the S.,46 days; from the S.W., 73 days; from the W., 64 days; from 
the N."W., 58 days; and calm, 7 days (Babington, Meterological Dept., Aboard of 
Trade) ; or 195 days that the wind and waves act on the west coast. 
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masses of sandstone found coming suddenly in, like protruded masses, 
among argillous rocks ; as they are in structure exactly similar 
to JEolian sands ; while in mass they are like the isolated sand-hills and 
ridges found in many places in our bays and estuaries, which are being 
gradually enveloped in mud or such like accumulations. Such masses 
of sandstone have been recorded in places among the Irish Silurian and 
Cambrian rocks ; also in the (Jalp or Middle Limestone, and in the Coal 
Measures ; while some of the massive sandstones in the Upper Limestone 
of Tyrone and Deny were probably wind-formed. Similar sandstones, 
if looked for, might be found elsewhere. 

Summary of conclusions. — That meteoric drift, although too often 
ignored, is nevertheless not infrequent in Ireland. 

That some accumulations, which have actually been taken for 
glacial drift, in consequence of their containing ice-dressed fragments, 
are really, as they now stand, the result of meteoric, or some other 
non-glacial action ; and that caution is necessary in order to avoid 
similar mistakes in future. 

And that many sands and sandstones, now classed as aqueous, may 
have been accumulated by wind in ages long past. 
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XXII. — ^Aif OuTLiEE OF GlaciUiOID oe Re-aeranged Glacial Deift 
ON Steatified Gravel (Eskee Peeiod), Mouene Demesne, Cotjnty 
Down. By G. H. Kjnahan, M.R.I.A., &c. 

[Read December 8, 1875.] . 

The outlier of glacialoid drift, the subject of this communication, has 
been taken for '* upper boulder clay," because of its resting on strati- 
fied gravels, which themselves repose on boulder clay drift ; but a 
slight examination of the ground in the vicinity shows that this is an 
error. This glacialoid drift is best seen in the west drift cliff of the 
small river in the Moume Demesne, westward of Knockcrea, one of 
the minor hills in the Moume Mountains ; and the following will ac- 
count for the present position of the outlier. During the glacial 
period, the west shoulder of Knockcrea formed a groyne against which 
a mass of glacial drift accumulated, as shown in Figure No. 1. Sub- 
sequently, in the *'Esker sea period," the glacial drift was in part 
denuded, a cliff formed, and at its base gravels were deposited 
(Fig. 2). Still later, as the sea retreated, a bar of sand, which ex- 
tended for a considerable distance towards the west, was formed from 
the shoulder of Knockcrea, making a bar or bank between the open 
sea and a lagoon or land-locked bay — one of the '^Bar-eskers" so 
common in many places in Ireland. As the sea still retreated, the 
enclosed space became partly dry land and partly a lake, while the 
drift cliff at the east end of the enclosing sand ridge, gradually 
weathered, till eventually it formed a talus of glacialoid drift, 
that for some distance lay on the Esker gravels (Fig. 3). The sea 
was LOW at a comparatively low level, and the water from the 
lake, behind the sand ridge, percolated through the latter (at ay 
Fig. 3), carrying it away bit by bit, till eventually a passage was 
opened through the barrier, thereby draining the lake and forming 
the present river ravine, bounded on one side by glacial drift, and on 
the other by a cliff having a base of glacial drift, above which are 
Esker gravels, over which comes a small outlier of glacialoid drift 
(Fig. 4). That the upper member in the west cliff section cannot be 
'* upper boulder clay " seems evident, as it is only a small local accu- 
mulation, not extending for any distance westward along the Esker, 
which would be the case if a sheet of "upper boulder clay" once 
covered the gravels — on the contrary, immediately west of the outlier 
of glacialoid drift, the gravels form much higher ground, and this con- 
tinues for a considerable distance towards the west. That a lagoon, 
and subsequently a lake, existed behind the bar at the time specified, 
seems evident from the sand-banks that are found to the N.E., at the 
margin of the flat, — the site of the ancient lake ; as these seem to have 
been piled up near the mouth of the principal river that flowed into 
the lake. 
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Boulder clay at first. 




Boulder clay cliff, with gnravel at its base. 
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Boulder clay cliff weathered into a slope, and the talus covering part of the gravel. 




Present river valley cut through the rearranged boulder clay, the gravel, and the underlying 

boulder clay. 
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XXIII. — ^NToTES OF A Geological Tour through the Siebengebirgb. 
AND THE Lower Eifel. By Joseph Nolan, M. E.I. A., F. E. G. S. I., 
of H. M. Geological Survey of Ireland. 

[Read April 12, 1876.] 

The paper which I propose to read before the Society this evening^ 
has been drawn up from notes made during an excursion last Sep- 
tember, in company with my friend, Mr. Thomas Mayne, F. E. G. S.I. 
The districts we visited — the Siebengebirge and the Lower Eifel — 
certainly the prettiest as well as the most geologically interesting in 
the Eheinland, are generally well known, and have been frequently 
described both by foreign geologists and those of our country, 
notably by Dr. Hibbert and Mr. Scrope ; nevertheless, I trust that 
the short account of our visit which I propose to give may not prove 
uninteresting, particularly to those who may not have had an oppor- 
tunity of visiting the district. 

The Siebengebiege. 

The Siebengebirge, or ** Seven Mountains," occupies a tract of 
limited area at Konigswinter on the east of the Ehine, some twenty- 
four miles south of Cologne. The hills which form this group have 
for the most part a peaked or conoidal form, resembling, as seen from 
a distance, a group of volcanic cones, and being, with the intervening 
valleys, densely covered with foliage, present a most pleasing and 
picturesque appearance. The higher ground is chiefly formed of tra- 
chyte through which basaltic or doleritic masses protrude, and form 
the tops of many of the hills ; while the valleys are mainly occupied 
by a trachytic conglomerate. Of the hi^ls, the Drachenfels, situated 
about a mile S.S.E. from Konigswinter, is the most important. The 
rock of which it is composed is so generally known that it is scarcely 
necessary to enter on any particular description of it here, further 
than to state that it is a porphyritic trachyte, with large tabular 
crystals of sanidine imbedded in a base composed partly of that 
species of felspar, but also largely of oligoclase, with as accessoiiea 
mica, hornblende, magnetite, and, according to some authorities, augite. 
It has been observed, too, that the crystals of sanidine are generally 
disposed in lines having a certain parallelism to each other. This seems 
to be readily explicable on the hypothesis that the crystals were formed 
before the emission of the lava, and followed the direction of its. 
motion. Mr. Scrope believes that in the highly crystalline lavas all, 
or nearly all, the crystals were formed before emission ; the fluidity 
of the mass being due to a more liquid base aided by the interstitial 
water or stream, which latter, however, he supposes, in other cases, 
to have been the sole agent of mobility. 

This trachyte has long been used as a building stone ; and a great 
part of the magnificent cathedral of Cologne is built of it. Though 
highly useful for the carved and ornamental portions, it is not very 
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durable, as it disintegrates easily, and, in the older parts of the build- 
ing, is full of rectangular cavities from the weathering out of the 
sanidine crystals. 

The hill immediately east of the Drachenfels, called the Wolken- 
berg, is composed of a felspathic rock, which, though commonly called 
trachyte, presents some characteristics very different from those of tho 
rock just described. It contains no crystals of sanidine, but abounds with 
hornblende, and, according to Cotta, the felspar is oligoclase. Mica, 
of the variety called biotite, also occurs ; and in one specimen I found 
this mineral present in large quantity, apparently to the exclusion of 
hornblende. The rock has a massive columnar structure, so that the 
quarries, which are extensively worked in the southeast part of the 
hill, present a very striking appearance, looking like great amphithea- 
tres flanked with ranges of gigantic colunans. In some places, too, an 
imperfect spheroidal structure, resembling that of basalt, was observed. , 

Leaving the Wolkenberg, and taking a north-easterly direction for 
the great Oelberg, the highest hill of the group, we passed over a por- 
tion of the district occupied by the trachytic conglomerate before 
referred to. This rock, locally called ovenstone, is well stratified, and 
contains rounded and evidently water- worn pebbles of pumice and tra- 
chyte. It has, thus, all the look of a sedimentary deposit accumu- 
lated on the shore of a lake or sea ; though some eminent authorities 
attribute its formation to the bursting of crater lakes. 

The great Oelbeg is mainly composed of trachyte and trachytic 
conglomerate. Its peculiar cupola-shaped top is foimed of basalt, 
which seems to occupy a vertical pipe or neck, as if it filled the 
chimney of the old volcanic vent. This does not seem at all unlikely, 
as it has been frequently remarked that volcanoes, after having dis- 
charged considerable quantities of acidic lavas, very often during their 
next eruptions emit lavas of a different character. 

The summits of the !N'onnenstromberg and Petersberg are also com- 
posed of basalt, as appears from Dr. H. von Dechen's map, for we had 
not time to examine them. The Lohrberg is trachytic, while the 
Lowenburg, the most southerly of the group, is described as a trachy- 
dolerite. The following reference to it is found in Cottars treatise on 
rocks, p. 192 : — ** Deiters recognised in the rock of the Lowenburg, 
in the Siebengeberge, a complete transition grade between trachyte 
and dolerite. Under the microscope its principal mass appears to con- 
sist of crystalline felspar (either oligoclase or labradorite), imbedded 
in which lie scattered crystals of striated felspar, of hornblende, augite, 
magnetic, iron ore, and even some olivine. The content of silica here 
diminishes to 52 per cent. 

The Lowee Eifel. 

The volcanic district of the Lower Eifel lies about twenty miles 
south of the Siebengebirge, and on the opposite or western side of the 
Rhine. The most interesting portion is comprised in a strip of 
country extending in a southerly direction from the Rhine, at Brohl, 
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to the small town of Mayen, forming the western boundary of the 
great alluvial plain of Neuwied, north of Coblenz. The chief sedi- 
mentary formation here is of the Devonian period, consisting generally 
of slates and thin-bedded micaceous sandstones, often much indurated 
and schistose, bearing a great resemblance to the lower Silurian rocks 
of our own country. Over these beds there occur some occasional 
patches of the ^^brovm coal formation," a deposit of Meiocene age, 
and the recent loam and sand called loess. 

There is no evidence as to the period during which the volcanic 
eruptions commenced, except that they are post-Devonian, having 
broken through the ** grauwacke '* and clay-slate; however, from the 
superposition of most of the lavas to the ** brown-coal " formation, it 
is probable that few, if any, were earlier than the Meiocene Period, 
while they have continued almost, if not actually, to historical times ; 
so that the cones and craters are well preserved, though their lava 
streams are not always so easily recognised, owing to the thick foliage 
which, while it heightens the picturesque effect of the landscape, un- 
fortunately conceals much of the geology.* 

Commencing our examination of this district on the north, we find 
at the village of Brohl, and in the wooded valley which extends to 
the south-west, the peculiar formation called trass or tuffstein. , This 
valley has been cut through Devonian slates and sandstones, and was 
evidently almost filled with the trass, since which time it has been re- 
excavated, leaving massive portions of that deposit at the sides 
abutting against the almost vertical beds of slate and sandstone. It 
is a very light rock, partly sandy, and partly clay, containing, in a 
pumiceous base pieces of pumice, slate basalt, &c., with branches 
and leaves of trees, generally charred, or carbonized. It has little 
appearance of stratification, and is evidently a moya or debacle of 
mud, produced during the prevalence of volcanic activity in 
the district. It is not necessary to suppose the carbonization of the 
vegetable remains to be entirely due to the action of heat ; yet, when 
we consider that previous to an eruption the crater and sides of a 
volcano are often covered with foliage, it is but natural to expect 
that burned fragments of trees, &c., will occur in debris of the renewed 
explosions. 

This remarkable deposit is not only found in the Brohl valley, but 
also in its branches to the south, through which it extends for a con- 
siderable distance. ^Various conjectures have been made as to the 
source or sources of it. It has been referred to the Dachsbusch and 
Hiitteberg, or to the Yeitskopf volcanoes, situated near the upper 
part of the Brohl valley, or to the Lummerfeld and Kunkskopfe, 



* From a passage in Tacitus it seems probable that an eruption occurred here 
during the reign of Tiberius. Mr. Scrope fully adopts this opinion, whUe others 
dissent from it, believing the so-called volcanic eruption to have been merely an 
outburst of inflammable gas. See Hibbert's " Extinct Volcanoes of the Basin of 
Neuwied," p. 254. 
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situated half-way up the same valley, near the baths of Tonnistein. 
As, however, from the situations of these volcanoes it would be im- 
possible for the entire deposit to have flowed from any one of them, 
I think it more- reasonable to concur with Mr. Scrope that it pro- 
ceeded from the crater of Laach — the site of the present Laacher 8ec 
— occupying as it does a position at the head of all the valleys where 
the deposit occurs, not only in that of the Brohl and its branches, but 
also in the district south-east of the Laacher See where trass is found 
in the valley of the Kruf ter, a tributary of the Kette, which falls into 
the Khine near Andernach. 

The manner in which this taff stein was formed has also been the 
subject of much conjecture. It may have been produced by the mixing 
of the fine volcanic dust and ashes with the very heavy rains that 
accompany or follow eruptions, producing thereby streams of mud 
such as that which, according to Professor Phillips, filled Fosso 
Grande after the Vesuvian eruption of 1794. Dr. Hibbert believes it 
to be due to the bursting of the old crater lake of the Lummerf eld, 
which he supposes to have been filled with mud from subaqueous 
eruptions, a second flow being occasioned, as he thinks, by the sudden 
contraction of the crater basin from the rapid formation of another 
volcano (the Kunkskopfe) on its margin. Mr. Scrope suggests what 
seems to me a much more probable theory, viz : that the trass was 
produced by the bursting of the crater lake of Laach. This basin he 
conceives to be readily convertible into a lake after an eruption, owing 
to the fine trachytic ashes or dust that must line its sides and bottom. 
The water which accumulates either bursts a passage through the 
light and porous materials which compose the sides, or is discharged 
through some fissure occasioned by the next eruption, in either case 
producing a violent debacle converted into a torrent of mud from 
mixing with the loose fragmentary matters it meets with in its course. 
Such an occurrence may have frequently taken place from this source, 
80 as to produce in time a considerable thickness of tuifaceous mud. 

The trass or tuffstein of the Brohl valley is largely quarried. It 
has been used in building, but its most valuable property is that when 
ground into powder and mixed with lime it forms an excellent hy- 
draulic cement. It is chiefly exported to Holland, where it is used in 
the construction of dykes. 

In the vicinity are several mineral springs, the most important 
being that of Tonnistein. Bubbles of carbonic acid gas ascend in con- 
siderable quantity, and lower down on the banks of the stream is a 
deposit of travertin. 

Among the volcanoes of this district the Lummerfeld and Kunks- 
kopfe before refeiTcd to are particularly deserving of notice. They 
are situated south-west of Tonnistein, between the two branches 
from the Brohl valley that lead respectively to Wassenach and Glees. 
The former is a low, flattish hill, with a large crater breached on the 
north side, while the latter is a secondary volcano which was formed 
on the south-western side. It attains, however, a far more considera- 
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ble heip^ht, and its deep crater opens on that of the Lummerfeld, into 
which it doubtless poured a flood of lava, which flowed from thence 
northwards into the Brohl valley. The structure .of these volcanoes is 
well exposed in various places. On the south-eastern side of the 
Kunkskopfe we observed black, or very dark grey sand, with bombs 
{ind masses of lava, slag, and scoriae. The sand abounds with grains 
of magnetite, generally worn, but often occurring as perfect octohe- 
drons, i;(^hite and glassy felspar, with much crystalline augite, or 
possibly hornblende, mica, and olivine, some of the latter being of the 
clear transparent variety called chrysolite. In it, too, Professor 
O'Eeilly, who kindly examined it for me, found crystalline grains of 
leucite, and some which appeared to be quartz. In a section near the 
top of the hill we found coarser sand, with brown slag and intercalated 
masses of lava that were evidently portions of small flows ; also large- 
sized bombs, some of which had been melted together. The dip in 
both places was rudely conformable to the slope of the hill, being at a 
higher angle in the upper than in the lower section. The structure of 
the Lummerfeld is of a similar character, and was observed at the 
breach in its crater. 

The Laacher 8ee, which has been before mentioned, lies south of 
the district just described. It is nearly circular in form, with a dia- 
meter of about a mile and a-half , occupying a position in an elevated 
tract composed of volcanic sand with blocks of scoriae and lavas. 
These materials, though often irregularly bedded, have in general a 
double quaquaversal dip, from the lake on the exterior but towards 
it on the interior of the basin. There can be no doubt that it is an an- 
cient crater, certainly the largest, and probably the oldest in the district, 
as several parasitic volcanoes of considerable size are situated on 
its flanks, the most important being the Yeitskopf to the north, the 
Ilotheberg to the south-west, and the Krufter Ofen to the south-east. 

On the northern side of the lake is a mofette or hollow from which 
carbonic acid gas is continually evolved, which, with the mineral 
springs of the Brohl valley and some other places, are the only rem- 
nants of volcanic energy in the district. 

Descending from the Laacher See to the village of Bell we found 
in its neighbourhood a large deposit of tuffaceous conglomerate, or 
^^ oven stone," so called from the use to which it is largely applied in 
consequence of its power of resisting heat. This rock is somewhat 
like that which has been described under the same name when treat- 
ing of the Sicbengebirge. It is of a whitish-grey colour, with frag- 
ments, usually rounded, of pumice, trachyte, basalt, and slate rocks. 
It also contains a considerable quantity of leucite. 

South-east from Bell is the interesting district of !N^eidermendig, 
noted for its quarries. The lava bed in which they are worked lies 
deep ben(^ath accumulations of tuffaceous deposits, and shafts are sunk 
to the subterranean quarries. The rock is extensively used for mill- 
stones, for which it is said to be well adapted, and it has been quarried 
for this purpose as far back as the times of the Romans. From its 
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columnar structure, too, the work is much facilitated, so that little has 
to be done beyond cutting the blocks into horizontal lengths of suit- 
able size. It is a very tough rock of a dark grey colour, and appa- 
rently homogeneous composition. It is vesicular, the vesicles being 
•elongated, probably in the direction of the current, and sometimes par- 
tially filled with carbonate of lime, but drusy cavities, lined with 
olivine, also occur. Crystals of augite are found, though rather rarely, 
and haiiyne, a glassy mineral of a rich Prussian blue colour, is very 
generally disseminated. In one specimen which I picked up was a 
very fine crystal which Professor O'Reilly believes to be zircon. Its 
form was a square prism, terminated with pyramids, and it has a 
reddish-brown colour, with a slight sub-metallic lustre. I do not 
know whether this mineral has been before recognised in this lava. 

The lava of Neidermendig, though commonly spoken of as a basalt 
lava, is more properly an intermediate variety between the basalts and 
trachytes, though more allied to the latter. It might be referred to 
the class of rocks which Mr. Scrope called grey stone ^ *' from their pre- 
vailing, indeed invariable, tint." In his book on the extinct volcanoes 
of Central France, that eminent geologist describes a lava at Nugere as 
bearing ** a considerable resemblance to the Neidermendig millstone 
lava rock." It is vesicular and very felspathic, so as to be scarcely 
•distinguishable from some of the trachytes of the Mont Dore (p. 78). 
Moreover, at Volvic this lava of Nugere was observed to present a 
striking contrast to a basaltic lava which crosses it, the latter being *' of 
a black colour and compact, with numerous crystals of augite and 
bearing the strongest similitude to the basalt of the most ancient 
plateaux." 

The analogue among the older trappcan rocks to the greystone of 
!N'eidermendig and Nugere is the class intermediate between the fel- 
«tones and greenstones called basic felstones. They are greenish or 
piirplish in colour, of an apparently homogeneous composition, and fuse 
readily before the blowpipe. Many of them are vesicular, and have 
much the look of the volcanic rocks of the present day. 

It has been said that at the I^eidermcndig quarries the lava occu- 
pies a deep bed, its outcrop, however, can be seen between the village 
of that name and Tliiir, a little north of which it crosses the road as a 
well-defined ridge, extending to the north-west in the direction of the 
Porstberg or Hochstein, from which volcano I think it probable it pro- 
oeeded. On this point I cannot be certain, as I had no opportunity 
of tracing the lava to its source. Standing, however, on the ridge just 
mentioned, and looking towards the Hochstein, this seemed a far 
more probable supposition than that it proceeeded from the crater of 
Laach, an opinion which has been broached by some geologists, not- 
withstanding that the dip of the lava field is undoubtedly to, and not 
iiway from, that crater. 

From Thiir to Cottenheim the country is uninteresting ; but south 
of that village, on the road to Mayen, is an extensive tract occupied 
by lava, somewhat similar to that at Neidermendig, and also largely 
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quarried, though the stone is of inferior quality. This lava flow 
evidently originated from the vicinity of the neighbouring volcanoes 
of the Bellerberg and Hochsimmer. 

The Bellerberg lies due west of the village of Cottenheim, and 
about a mile and a-half north of Mayen. On approaching it from that 
town it presents a broken and irregular outline ; but on gaining the 
summit we perceive it to be the remains of an old volcanic cone, with 
a large crater, the sides of which in some places form steep crags of 
brown slag and scoriae, with a quaquaversal dip. In the scoriae and 
slag crystals of triclinic felspar were numerous, and these, as well as 
the lavas, were often highly micaceous, the mica being biotite. 
Among the fragments were many of non- volcanic rocks, some which I 
picked out were quartzites, no doubt altered grits of the pre-existing^ 
Devonian strata. The joints in these crags are often covered with 
an efflorescence of zeolites. 

To the south-west of the crater of the Bellerberg, and at some little 
distance from it, rising through the lava, which surrounds the hill 
on all sides but the north, are two smaller hills of slag, &c. These 
are not, as some geologists have asserted, minor volcanoes, the vents 
of which have been choked up;* for Mr. Mayne, who examined 
them, found their beds to dip southward, though presenting abrupt 
escarpments to the Bellerberg. They are evidently the remains of 
a much larger volcanic cone, within the ruined crater of which the 
present hill of the Bellerberg was thrown up, as Vesuvius was formed 
within that of Somma. The main portion of the lava does not seem 
to have flowed from either of these craters, but rather to have origi- 
nated from openings on the high ground to the north-west, and sweep- 
ing southwards almost obliterated the old cone, which must have been 
very considerably degraded and shattered by explosions, leaving little 
but the scarped hills just described. There can be no doubt that 
some lava flowed from the present crater, as it is breached to the 
south-east. 

The Hochsimmer is situated some distance to the north-east. It 
is a truncated cone, with a breached crater, the lava from which 
flowed to the south and south-east towards Mayen, where, with the 
flows from the Bellerberg, and its vicinity, it forms the extensive tract 
before referred to. 

The deep valley of the Eiver !N'ette, in which the town of Mayen is 
situated, lies immediately south of this lava field. From the shape of 
the ground there can be no doubt that the lavas flowed into the old 
valley ; now they are found at a considerable height above the river, 
giving us some idea from the very great erosion that has taken place, 
of the time that must have elapsed since the volcanoes which emitted 
them were in a state of activitv. 

Between Mayen and Coblenz the country presents few remarkablo 
features, being mostly covered with alluvial deposits ; but in the 

* See Hibbert's " Extinct Volcanoes of the Basin of Neuwied.* 
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neighbourhood of Octendunk are slaggy cones, with small lava flows, 
which time did not permit us to visit. One of these, the Camillen- 
berg, a little south of east from Octendunk, rises to a considerable 
height, and%the lava near the road at Bassenheim is evidently derived 
from it. 

Some miles north of Octendunk, in a branch valley from that 
of the Nette, between Kruft and Plaidt, is the deposit of trass, which 
has been before mentioned as being similar to that in the Brohl 
valley, and also containing charred branches of trees. The volcanic 
eruptions about here must have been much later than those north of 
Mayen, as the lava streams descend into the present valleys of the 
IS'ette, and its tributaries. 



XXrV. — ^A Detailed Account of the Exploeation op Knocemoke 
Caves in Peemanagh. By Thomas Plunkett, Enniskillen. 

[Read May 10, 1876.] 

Knoczmoeb, as its name indicates, is a large rocky hill. It forms apart 
of an irregular mountain ridge, which lies along the north-west side of 
Fermanagh, and stretches from the south-east end of Belmore moun- 
tain, and terminates about a mile from the north end of Knockmore, a 
distance of about thirteen miles. Strictly speaking this line of hills 
is not a mountain ridge, but only assumes this appearance when 
viewed from the adjoining valley which bounds it on the north-east 
side; when examined from a higher stand-point, it is found to be 
an abrupt elevation forming the margin of an undulating plateau or 
patch of table-land which extends into the counties of Leitrim and 
Cavan. This elevated margin runs parallel with lower Lough Erne, 
and attains an elevation of from ten to fourteen hundred feet above 
the level of the sea, and from seven to ten hundred feet above the 
adjoining valley. Its slopes are rather precipitous, and steep lime- 
stone cliffs, having an elevation of several hundred feet, form a con- 
siderable portion of this lofty margin. Knockmore is nearly circular 
in form ; it has an elevation of nine hundred feet above the sea, and 
is almost surrounded with very high cliffs : and being partly detached 
from the main ridge, it presents a bold majestic appearance ; hence the 
name Knockmore is the general term for the surrounding locality. 
The mountain ridge referred to above assumes a terrace-like form. 
The outer and lower margin (which includes Knockmore) is entirely 
composed of carboniferous limestone, and varies from half-a-mile to 
twenty or thirty perches broad, having a mean elevation of about one 
thousand feet above sea level. The inner and higher margin is three 
hundred feet above the limestone terrace, and is entirely composed of 
gritty sandstone, being the formation composing the whole surface of 
the plateau referred to above. The rain-water which courses down 
the sandstone slopes on reaching the limestone surface generally 

JOUEN. E. G. S. I. — ^VOL. IV., N. S. M 
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passes into subterranean channels, and in some instances flows a long 
distance underground, appearing again at a lower level. In some 
places these streams penetrate the surface with a swift decline, while 
at other places they are precipitated down vertical funnel-shaped 
holes ; one of the latter sort I found to measure eighty-four feet deep. 
These water caves as a rule are found in eroded valleys where the 
rivulets which flow down the slopes above converge and pass into 
these hidden ducts, emerging again at the base of the mountain. But 
there is another class of caverns, numerous in this locality, found on 
the tops and sides of the limestone summits at elevations varying from, 
one to four hundred feet above the adjoining valleys. These caverns 
are quite dry, and are generally found almost filled to the roof with, 
rock debris and cave earth. When this stuff is cleared out of the 
cave, a deposit of sand and gravel is nearly always found resting on 
their rocky floors, clearly indicating the fact that a current of water 
traversed them at a former period. Of course all caves found in cal- 
careous rocks were not only ducts or channels for, but owe their 
origin to the agency of, water, a fact that no geologist now-a-days will 
dispute. 

No doubt the positions these latter caves stood in, in relation to {he 
ancient surface (which has disappeared through denudation), as regards 
level, were similar to those of the water caves of to-day in relation to 
the present elevated surface, that is to say, the entrances to the 
caves that are at present traversed by water are from about one to 
several hundred feet lower than the surrounding elevations in the tops 
and sides of which the dry caves occur ; and arguing by analogy from 
the known to the unknown, it is but reasonable to assume that an 
ancient surface having an altitude above these dry caves, similar in 
extent to the elevated summits which rise above the present water 
caves, existed at the period when currents flowed through these 
elevated caverns, but has since been removed by denuding forces. 

I have traversed all this mountain ridge from end to end, over and 
over again, examining its strata, grey, weathered crags, valleys, and 
ravines ; I have also wandered through its dark winding caverns that 
ramify almost in every direction through its mass, so that I have 
made myself familiar with nearly all the geological phenomena its 
surface and caverns present. There is no feature it reveals would 
strike the eye of the geologist so much as the wasted and furrowed 
aspect of the limestone surface ; it has been sculptured into hillocks 
and crags, and carved into ravines and valleys of every conceivable 
shape. These phenomena, together with deep escarpments, bear wit- 
ness to the extraordinary waste and denudation of the rocky surface 
during past ages : and whatever may have been the original outlines 
of this country at the period when man — ^whose remains, together with. 
Mammalian remains, I found in these ancient caves — ^roamed over its 
surface, most assuredly they were not the same as what we see at 
present. Sir Charles Lyell, in his last edition of the "Antiquity of 
Man," propounds a theory respecting the physical geography of 
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Ireland during the glacial period, and he has arrived at the conclusion 
that Ireland was in great part submerged during this hypothetical 
«poch, and that the wide extent of drift spread over large areas in this 
-country " seems to indicate that the land above water formed an 
-archipelago." He further says, ** The scarcity of Mammalian remains 
in the drift favours the theory of its marine origin." Whether 
this theory, enunciated by such an eminent authority, explains the 
physical geography of other counties in Ireland during the ** glacial 
epoch," I am not in a position to say, but certainly it does not apply 
to Fermanagh, either as regards its Mammalian remains or superficial 
-drifts. All the geological features presented by the drift or diluvium 
-clearly show as a rule that it is the dehris of the underlying rocks, and 
beyond doubt the result of sub-aerial agencies. 

The elevated margin or mountain ridge already referred to runs 
parallel to lower Lough Erne. The intervening valley is from four to 
five miles broad, and is thickly studded with dome-shaded diluvial 
hills. A casual observer would probably infer from their external 
■appearance that they were composed of a mass of drift, but on careful 
inspection we will find underlying this superficial coating of diluvium 
the rocky strata which is generally conformable with the contour of 
the surface of the superficial deposit. I have found beds of gravel 
.€ind sand on the tops and sides of these hiUs, and the streams which 
-deposited these beds are at present meandering through the valleys, 
but at much lower levels and much less in volume than they were 
originally. There is clear evidence to support the hypothesis that at 
the time the remains were deposited in the caves at Bjiockmore, the 
valley or bed of Lough Erne was much higher than at present. Since 
that period it must have gradually worn down its bed to a level 
hetween two and three hundred feet lower than it formerly was. 
It is also quite manifest that Lough Erne covered a larger area at a 
former period. The patches of water called land-lakes, occurring at 
higher levels, and found at intervals between Lough Erne and the 
mountain ridge, once formed part of Lough Erne, and remained in 
depressions as its bed was being slowly worn down, causing its waters 
to sink or retreat to a lower level and narrower bounds. In these 
land-lakes, as well as the alluvium adjoining them, the remains of 
-deer, wild boar, and elk have been found frequently. The river 
gravels — shell, marl, and sand, found under the peat bogs in this coun- 
try (which were once lakes) — ^have yielded similar remains, and this 
year the skull and antlers of a Megaceros hihemicus were dug out of a 
gravel bed in an island in Lough Erne ; and several of these noble • 
skeletons were found under similar conditions in Fermanagh. From 
all these and the following facts I infer that the caves and superficial 
-drifts of Fermanagh are as rich in Mammalian remains as any other 
place of similar area in Europe. 

My explorations last summer were only of a preliminary charac- 
ter. Notwithstanding this, I found between ten and eleven hundred- 
weight of animal remains, representing a great variety of species and 
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some hundreds of individuals, as may be seen by the appendix pre- 
pared by Prof. Macalister. I also found human remains which — 
including what I found in Knockninny — would represent nearly 
thirty individuals. 

I thought the foregoing remarks relative to the geological f eature* 
of this country, especially of the locality in which the bones were 
found, would not be out of place before giving a detailed account of 
the exploration of Knockmore caves. 

Three years ago I selected several of the loftiest of these caves^ 
and came to the determination that as soon as I conveniently could I 
would explore them, as I conjectured they would yield interesting- 
remains. 

The first I attempted to explore penetrated a high rocky acclivity 
near the top of Knockmore. The entrance was filled up with rubbish 
and debris, and the opening was so small that it would hardly admit a 
badger. After clearing away this pile of stuff I found it was a much 
larger cave than it appeared to be previous to the removal of the 
debris. After excavating a few yards inside the mouth of this cave I 
found the remains of several animals, and I picked up out of the loam 
the skull of a pig. I was rather surprised in finding yellow sand 
and quartz pebbles composing the lower stratum, and still more 
so by finding imbedded in this layer animal remains which were 
unquestionably introduced by a current of water : this sand was foreign 
to the hill or immediate locality. This phenomenon I afterwards 
found was a common feature in all these ancient caves, although wide 
and deep valleys now intervene between the sandstone strata, from 
whence this deposit must have been conveyed by currents of water. 

During the progress of my explorations I succeeded in obtaining 
some very interesting remains, both of human and animal species. 
Just about this period the Kev. Dr. Haughton paid a visit to this 
county, and came to my place to examine the remains I had found. 
He seemed deeply interested with what he saw, and without further 
delay we drove to Knockmore to examine the caves. In a very short 
time we procured all the labourers we could find in the neighbourhood, 
together with all the buckets, crowbars, picks, spades and shovels 
that were available ; and with this little army of sturdy mountaineers 
we commenced ** cave-hunting" in earnest. I rendered him all the 
assistance I could, but we were not so very successful as I anticipated. 
Dr. Haughton, having to return to Dublin, proposed paying the labour- 
ers if I would superintend the explorations at intervals during the 
summer, which of course I did with a feeling of interest; and shall now 
describe the explorations in detail, and in the alphabetical order in 
which the Eev. Dr. Haughton noted them down. The remains found 
in each were arranged accordingly. 

(A.) The first cave explored occurs about half-a-mile west of 
Knockmore. The entrance passing into it is on the very crown of a 
limestone hill, bounded on the north-east side by a valley several 
hundred feet deeper than the level of the cave, and on the south-west 
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«ide the valley is about 150 feet lower than the mouth of the cave. 
The entrance is vertical, resembling a ** pot-hole," but from the inside 
-of the chamber it looks like a large flue passing up through the roof at 
the south end of the cave. This chamber measures forty-four feet 
long by twenty-two broad, and the roof is from twelve to fifteen feet 
nigh, and is ornamented with stalactites. The walls are also covered 
with a thick white coating or limey incrustation, which nature has 
moulded and elaborated into all sorts of fantastic figures ; here and 
there may be found fluted pilasters and beautiful fringed bosses, white 
^s snow, resting on stones which project from the sides of the cavern. 
Large patches of stalagmite also covered the surface of the floor ; in 
some places it was found twenty inches thick. The walls on all side^ 
are vertical and it presents the appearance, when inside, of a large 
room. The current of water formerly rushed down the opening 
through the roof at the southern end, and deposited a large mass of 
stones and silt which sloped off from the base of the chimney (as I 
may now call it) nearly to the opposite end of the chamber, resemb- 
ling in shape talus at the base of a cliff. I commenced to explore by 
digging a deep trench at the extreme end opposite the entrance, and 
excavated forward towards this pile which sloped down from the en- 
trance. First we dug through a floor of stalagmite several inches 
thick, in which we found imbedded animal bones ; underneath this 
<}oating there was a deep unstratified mass of gravel and silt, together 
with blocks of limestone, and occasionally a rounded water-worn 
sandstone would turn up. We found in this bed a large quantity of 
Animal remains. Having now reached the margin of the talus, and as 
we were excavating on a horizontal line, and had a cutting now four 
feet deep, fearing the loose blocks of stone resting on the slopes above 
us would roll down on the men who were digging at its base, before 
•excavating further I had all this stratum of stones removed. They 
were deposited over the whole surface to a depth of two feet. During 
their removal I found a considerable quantity of animal bones, espe- 
cially those of the horse and deer. Underneath these stones there 
was a compact bed composed of silt and gravel, and occasionally very 
large blocks of limestone would be met with. As we advanced with 
the digging the depth of the cutting increased from four till it ulti- 
mately reached a depth of twelve feet. Animal remains were found 
interspersed all through it, down to the lowest bed we excavated. I 
found human bones in two places in this bed : the first were found 
fourteen inches from the surface, that is, fourteen inches from the 
surface of the bed of silt ; portions of skulls and teeth together with 
•other human bones were found two feet below the surface. Nearly 
all the animal remains were partly covered with an incrustation of 
•carbonate of lime, and several of them were bound up in a matrix 
of stalagmite dug from the sides of the floor of the cave. A very 
handsome lump of this material was carefully cut from the surround- 
ing mass, and out of the side of it the leg-bone of a deer protruded. 
This may now be seen in the Museum of Trinity College, Dublin. 
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Having no way of removing the stuff out of the cave, there was no 
room to explore it deeper. Had I been able to have done so, pro- 
bably I would have found a greater variety. The quantity we did 
find would weigh about four hundred- weight. I might here observe 
that in my opinion the greater part of the animal remains were in- 
troduced by the agency of water, and this observation would apply 
to nearly all the caves I explored. Owing to the high elevation of 
some of these caves above the surrounding vaUeys, one feels it very 
difficult at first glance to believe that such extraordinary changes of 
surface have taken place since the remainb were deposited in the 
caves, but the detritus found in all these caves bear overwhelming 
evidence of this great truth. For instance, fifty per cent, of all the 
detritus turned over in the cave under consideration was composed of 
chert, which is nowhere found in the hill, but a vein of this mineral 
runs along the valley adjoining it. Some water- worn sandstones- 
were also found in it, which must have been carried from the elevated 
sandstone margin about a quarter of a mile distant in the opposite- 
side of the valley. 

{B,) The next cave in the order lies about half-a-mile south of A, 
and opens out on a grassy ledge of rock in the face of an escarpment 
on the south side of Bjiockbeg. I ordered the men to commence 
digging on the margin of the ledge, knowing from experience that all 
these caves in calcareous rocks have crumbled down by the action of 
frost, rain, &c., sometimes for a distance of several yards. Digging 
this space forward to the entrance, very large blocks of limestone wero 
turned over, underneath which I found charcoal and some animal re- 
mains. When we had excavated up to the entrance and proceeded a 
few feet within, I found the deposit in the bottom of the cave so 
shallow, and as the cave appeared to grow narrower as it extended in- 
wards, I came to the conclusion that it would not likely yield any 
objects of interest. I therefore gave it up and repaired to 

( C), which is very curiously formed, and occurs in the centre of a 
slightly elevated and rugged patch of limestone ; the entrance is partly 
surrounded by brushwood, and partly veils from view the three perpen- 
dicular funnel-shaped holes which blend into one at the bottom, and 
are perfectly cylindrical in form, as much so as the cylinder of a gun. 
They pass down to a depth of twenty-two feet from the surface, and 
are filled with dehris to this point from an unknown depth. There^ 
was an opening at the side of this cave, just on a level with the floor, 
which passed into a deep fissure. Were it not for this opening we^ 
could not have explored this peculiarly-formed cave. When the 
stones and dehris were thrown into this fissure they fell to an enor- 
mous depth, as we could hear the rumbling noise caused by throwing 
in the stones die away in the bowels of the mountain. After clearing 
away eight or nine vertical feet in this way we ceased working, as we 
met with a very large stone that was tightly bound against the sides- 
of the funnel, and seemed to have formerly fallen from above and 
stuck in the throat of this vertical shaft. Thinking it might be a risk 
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to break it with the sledge, lest we might cut the branch on which we 
were perched, and be precipitated into the dark chasm beneath, and 
our bones become interesting ** finds" for future adventurous ex- 
plorers, we ascended the ladder and bid it a final farewell- In every 
layer of debris we turned over in this cave we found copious re- 
mains of animals. The remains of the dog were very common. I 
picked up at different levels nine skulls belonging to this species. 

(D.) The fourth cave in the order lies a short distance in an 
easterly direction from C. It pierces a slightly elevated escarpment, 
and has its entrance near the base, or nearly on a level with the 
adjoining till or drift. This cave yielded most interesting relics which 
I shall presently describe. The entrance to it before being explored 
was very narrow, so much so that I had to crawl in on ** all-fours." 
Passing a few feet inside, it e;nlarged to a height of four feet, and a 
length of nine feet. The surface was entirely covered with dry 
angular limestones of various sizes. From the contour of the walls, 
and general appearance of the interior, it was quite evident that this 
was a very large chamber, almost filled to the roof with rubbish and all 
sorts of debris. On examining round about the entrance, which opened 
into an indentation in the side of the rock, it appeared quite manifest 
that the cave at one period extended about ten feet further out, and 
that this much at least had been ** weathered " off. This is a common 
feature in all caves opening out in limestone escarpments or slopes. 
By my directions the men commenced to dig ten feet from the en- 
trance ; after digging several feet down they struck the rocks in situ. 
In clearing away this pile up to the door of the cave, large square 
blocks and flags of limestone were removed from what was the 
original floor of the cave, and underneath which we found a quantity 
of charcoal ; out of the same bed I picked up a quantity of broken 
bones. A great many of these bones were subjected to the action of 
fire ; afterwards when Rev. Dr. Haughton and Professor Macalister 
examined these burnt bones, I was surprised to find that some of them 
were human remains. Does this phenomenon favour the hypothelis 
that cannibals occupied the cave at one period of its history ? 

I also found on the same floor, associated with the bones, the 
iron blade of a knife about four inches long; also an iron dagger 
about twelve inches long. Both of these weapons are covered with 
a very thick incrustation of an oxide of iron, and were of a very 
ancient type. I also picked up out of the same spot broad sea 
shells, and a whet- stone, together with the skull and antlers of a large 
deer. One of the antlers was cut, apparently with a knife, pro- 
bably such as I found associated with it. Another piece, about 
the length of the handle of a dagger, was cut half through, 
and bore the appearance of a round stick, cut half through all 
round with a pocket-knife. I infer from the way in which 
these things were found, and the antlers of the deer being cut 
so, and its being found in the ** kitchen midden," that the ancient 
cave-dwellers lived by the chase. Having removed all the stuff 
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covering the space before the entrance to the cave (which formed a 
deposit from three to four feet deep, and under which I found the in- 
teresting objects just described), I proceeded to explore the interior. 
Owing to the excavations outside, the entrance to the cave assumed 
much larger proportions than it had when I first saw it. Instead of 
only two feet, its former height, it was now over six feet, which faci- 
litated very much the removal of the deposits within. The surface, as 
I have already said, was covered to a depth of from two to three feet 
with dry blocks of stone of various sizes. Bones of deer and various 
other animals were found in the interstices between, as well as under- 
neath, these stones. The removal of this stratum of stones opened up 
the entrance to another portion of this chamber, and after clearing 
away the angular stones which also covered its surface, we could walk 
from the entrance to the extreme end of the cave, which was now a 
distance of forty feet, without any difficulty. As there was a con- 
siderable incline from the entrance to the end of the cave, we 
could not so conveniently excavate forward from the entrance. 
Finding that it would be much more convenient, I directed the men to 
commence at the extreme end, and as the deposit in the cave consisted 
almost entirely of silt and small angular stones, it was much easier 
excavated from this end. Moreover, as we removed it by turning 
over layers two feet deep, and the material being loose and porous, 
the bones could be seen protruding out of the face of the cross section 
or cutting, and could be easily pulled out with the fingers. In this 
way I removed a human skull which I saw through a little chink in 
the face of this scarped cutting, and had we been using the pick or 
spade which would have been absolutely necesssiry, had we com- 
menced at the other end, this skull, as well as a great many of the 
bones, would have been broken into fragments. As the small stones 
and bones were picked out in the face of the cutting, the clay in 
which they were imbedded fell forward. This clay was then carried 
outside, and re-examined in the light. There were node finite layers 
fo|jnd in this deposit. The material was the same as I have described 
above, from the surface under the stones to the bottom of the cave ; 
and I found both the human and animal remains all through its mass 
from the top to the bottom. In order to give an idea of the places in 
the cave-earth or debris where I found human remains, I divided it 
into upper, middle, and lower, and marked the bones as I found them 
accordingly : in other words, I found human remains about three feet 
below the surface, also pieces of skulls, jaw-bones, &c., eleven feet 
from the surface, and the deepest I found were buried sixteen vertical 
feet from the surface. There was no weapon or work of art associated 
with those remains, nor any traces of charcoal. Of course I do not 
include the remains I found in connection with the dagger, &c., out- 
side the cave in the above summary. 

That this mass of silt, sand, and stones was carried into the cave 
by the agency of water I do not entertain the slightest doubt. A 
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^reat many of the animal remains were probably introduced the same 
way, and if the currents at that remote period have been intermittent, 
^mimals or man may have sought it as a shelter and died there. Whether 
these remains were introduced by water or otherwise, one fact I am 
•certain of, viz., that the rock debris under which they were found 
was carried into the cave by a current of water. Since that period it 
has never been disturbed, and after carefully examining this overlying 
material, I find the greater part of it has been transported from a dis- 
tance. There is stjong evidence pointing to the presence or operations 
of ice in this region since these remains were deposited. Opposite the 
door of the cave there is a small ** drift" hill, and large sandstone 
boulders are found on its sides. Its skirts rest a few feet below the 
entrance to the cave. 

(jE') is a small cave opening out in the side of a wide ravine, and 
was explored in the presence of the Rev. Dr. Haughton. It yielded but 
few remains. Several feet underneath a deposit of grey cave-earth 
«ome animal remains were found, including bones of a large deer. Also 
^bout three feet from the surface charcoal and some human remains 
were found. Amongst the human remains there were a few fragments 
of a very thick skull. No works of art were found in this cavern. 

(jP), which is the last of the series of caves under considera- 
tion, is but a very small one, and penetrates a rocky declivity very 
near the top of Knockmore. When I commenced to explore it the 
•entrance was very small, so much so that an ordinary sized dog could 
liardly crawl into it ; but when the rubbish which closed up the door 
was removed, the entrance measured four feet high. The deposit 
inside consisted of dark, loam yellow sand mixed with quartz, pebbles, 
And gravel. In the loam I found the skull of a pig, which when 
living must have worn a very long snout ; also a variety of remains 
representing other animals. Imbedded in the yellow sand I found the 
leg-bone of some animal such as the pig or deer, and certainly it must 
be of an extraordinary antiquity, as the sand was undisturbed since it 
was deposited by water. This sand and gravel is the waste of sand- 
atone grit which forms the higher margin of the elevated plateau 
Teferred to at the beginning of this paper, and is entirely foreign to 
the hill in which the cave is ; and two deep valleys (fully two hun- 
dred and fifty feet lower than the cave) intervene between the sand- 
stone grit and the entrance to the cave. All these extraordinary 
■changes, which have occurred since pre-historic man and these wild 
animals inhabited this country, have been brought about by the slow 
operations of sub-aerial agents, such as ice, snow, and running water, 
in which carbonic acid is present. 

I have given a simple detailed account of the exploration, or rather 
partial exploration, of the Knockmore caves, which has been only of 
a preliminary character. Having gained some knowledge of cave 
"digging last summer, I hope to make greater progress during the 
ensuing season. Were it not for the stimulating visits of the Rev. 
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Dr. Haughton, and the facilities afforded by him, I would have made- 
but little progress. Having made such a fair beginning, I hope that 
in a few years we will get abreast of England, France, Switzerland, 
or Belgium, in, " cave-hunting," and disprove the theories of English 
geologists regarding the absence of Mammalian remains in this- 
country. 



XXY. — On a Pkobable Origin for many Magnesian Limestones and- 
Dolomites, for the SeiIPentine Streaks in Verde Antique. 
Marble, and for the Serpentine found in Eozoon Canadensb. 

AND OTHER LiMESTONE EoSSILS. By WiLLIAM LoWTHIAN GrEEN, 

Minister of Foreign Affairs to the King of the Sandwich Islands^ 

[Read June 14th, 1876.] 

The origin of most of the old limestone deposits seems now to , be 
admitted to have been either ancient coral reefs or islands, or else a 
globigerina mud, such as the ** Challenger" Expedition has shown to- 
prevail at present at the bottom of the ocean, in depths of not more- 
than about 2250 fathoms. In the central portions of the Pacific 
Ocean, as is well known, there exist two classes of rocks only, coral 
rocks and volcanic rocks ; and this not only applies to what rock* 
may appear above water, but the soundings of the **Tu8carora" and 
" Challenger " seem to indicate that this is the case also over all the bed 
of the Central Pacific. The area of this region, it should be observed^ 
over which these two kinds of rocks are found, to the exclusion of all 
others, is not very far from being as great as that of all the continents, 
of the earth put together — that is to say, we have here visible an 
area of rock masses, now in process of formation, comparable in extent 
with all the known geological formations on the face of the earth. 
I say now in process of formation, for the ooze and the red clay and 
the coral is being deposited, or is growing and increasing daily^ 
whilst the lava is either now pouring out white hot before our eyes^ 
or it exhibits evidences of having been so poured out in times not^ 
geologically speaking, remote. 

This lava is almost identical in composition over this great region : 
that is, it is usually a dark-coloured basic lava, almost invariably con-^ 
taining a large proportion of the mineral olivine. The Hawaiian 
group of islands consists of an immense mass of this description of 
lava — I say an immense mass, for the fact of the enormous quantities- 
of lava poured out by Pacific Ocean volcanoes seems not to be pro- 
perly appreciated by European geologists. It is a fact worthy of 
their attention that the single island of Hawaii alone contains about 
as much volcanic matter (mostly solid lava) as Mr. Mallet estimates, 
as representing (unchallenged, as far as I am aware), " not very in- 
adequately, the totality of volcanic action [over the whole earth] 
since the Tertiary or even a more remote epoch," and which he esti- 
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mates at 2616 cubic miles, or 400 volcanic cones of 6*54 cubic miles 
each.* The Hawaiian Surveyor-general, Professor Alexander, esti- 
mated, at my request, roughly the culjic contents of the purely 
volcanic island of Hawaii as containing not less than 2600 cubic miles 
of lava above the sea level only. The two acting volcanoes of Mauna 
loa have poured out about one cubic mile of lava (not tufa) during 
the last forty years ; f at which rate the whole island might have been 
produced in 104,000 years, which would certainly not take us very 
far back into the Tertiary Period, according to any estimate whatever. 

The Hawaiian Islands are more or less surrounded by coral reefs, 
the island of Hawaii less so than the others, for one reason, because 
the lava has kept pouring into the sea along most parts of the coast 
during the past centuries, and has not given the coral an opportunity 
to form to so large an extent as on the other islands. Now it is a fact 
that wherever the lava runs into the sea, or wherever the waves have 
an opportunity of breaking against the lava, or against the tufa, over 
the group, a large quantity of olivine sand is formed. The felspar, 
the other mineral of which this lava is mainly composed, gets ground 
up to powder, and disappears — indeed, it is almost always in the 
minutest grains to begin with — whilst the olivine, a much harder 
mineral, and in grains from the size of a bean or a pea downwards, 
forms the main component of the sand of the seashore wherever tho 
sea meets the lava ; or else the olivine sand gets more or less mixed 
up with the coral sand, where the two classes of rock are in close 
proximity. A great deal of this olivine sand is of the finest possible 
quality ; indeed it is often so fine that, although a much heavier 
mineral than carbonate of lime, it will often, where both are washed 
by the waves, settle on the top of the coral sand, and I have often 
scraped the almost pure, fine olivine sand from the top of a coral-sand 
beach.' This mixture of the two sands is common over the group, 
extending 400 miles, from Hawaii to Bird Island. 

I find this olivine sand also insinuates itself into the pores and 
openings of the coral reef-rock ; and I have sent some specimens of 
this olivine-impregnated coral rock to the Hawaiian Department of 
the Philadelphia Centennial Exhibition, along with specimens of 
Hawaiian lavas and rocks generally. 

As Mr. Dana has observed, these coral sand-rocks consist of dif- 
ferent classes, and are probably being formed continually by the 
cement produced by the solution of carbonate of lime. There is the 
coarse coral reef-rock, the beach coral sand-rock, and the fine-blown 
coral sand-rock. A close examination of many of these rocks will 
constantly show grains of olivine more or less mingled with coral. 
Indeed there is every grade of mixture, from all coral to all olivine. 
Yery often the olivine sand-rock will be found to run in streaks 

* See Mr. MaUet's Paper on Volcanic Energy, in the Transactions of the 
Eoyal Society, Vol. 163. 

t See Brigham's "Hawaiian Volcanoes.'* 
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amongst the coral sand-rock, so that in the course of time, when the 
coral sand-rock comes to be metamorphosed into a limestone or a 
marble, the olivine sand-rock would probably suffer the change which 
that mineral is well known to experience, namely, into serpentine. 
The rock would then be what is called verde antique. ' 

Precisely in the same way, the fine olivine sand penetrating and 
filling up openings in corals or in foraminifera, might become, in the 
course of time, converted into serpentine ; and the fact of our now 
finding corals and coral rocks in the Pacific with their pores filled 
with olivine sand seems to suggest the mode in which the Eozoon 
Canadense may have had its porous skeleton of carbonate of lime 
filled up with what is now serpentine, and which is found to be the 
usual filling. 

Whether a mixture of coral sand-rock and olivine sand-rock may 
become a magnesian limestone by solution and recombination is a 
question for chemists. It is well known that olivine, or silicate of 
magnesia, is readily dissolved and decomposed, and that carbonate of 
lime is also easily dissolved in water containing a small portion of 
carbonic acid. Under certain circumstances, then, we have to sup- 
pose that the silica of the olivine may be carried away in solution, 
whilst the magnesia may unite with the carbon to form carbonate of 
magnesia, this effect taking place either wholly or in part, as far as 
the solution of the carbonate of lime is concerned. Thus it is found 
that the two classes of rocks or minerals, carbonate of lime and car- 
bonate of magnesia, are often found mixed in all proportions. The 
olivine tending to form in streaks or layers also would help to explain, 
if this metamorphosis be possible, what Bischoff and others have 
always considered a difficulty in the conversion of limestone rock into 
dolomite, that is, the irregular and arbitrary way in which it often 
appears to have been effected, and which seems at first sight so 
inconsistent with the idea of a metamorphosis of the carbonate of 
lime in a solution containing magnesia. The irregular and arbitrary 
mechanical distribution of the olivine sand amongst the Hawaiian 
coral sands and coral rocks and coral sand-rocks seems to clear up 
this difficulty, if we may admit the probability of the metamorphosis. 

Mr. Murray, of the *' Challenger'' party, when here, suggested to me 
that the yellowish looking grains of coral (?) in many of our oolitic 
looking coral, sand, and beach rocks, and which are now in process of 
forming, looked as if they had been, or were being, metamorphosed. 
It has occurred to me that possibly the olivine grains amongst our 
coral sands may become coated thickly with successive layers 
of carbonate of lime, and then the whole be converted together into 
a carbonate of magnesia. But I merely throw out these ideas by way 
of a suggestion to those chemical mineralogists who may have an 
opportunity of analyzing such recent coral rocks, where a mixture of 
olivine sand either is found to occur, or may be suspected to have 
occurred at an earlier stage of their formation. 

Whilst upon this subject, I would venture to suggest, for the con- 
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sideration of Professor Wyville Thompson, and the gentlemen of the 
*' Challenger " Expedition, whether the red clay (alumina and oxides 
of iron) which they consider to be the " ash " of the organically 
formed bodies, after the carbonate of lime has been dissolved, may 
not be a volcanic residue, distributed mainly, perhaps, in the first 
place in the shape of volcanic ashes. In melting the snows of Arctic 
and Northern regions a residue of volcanic dust is usually found, the 
distinction being, in the cases of the red clay, or residue from the 
globigerina ooze, that the more soluble volcanic components may have 
been dissolved under the influence of the high pressure at great depths, 
as well as the carbonate of lime. The immense proportion of oxide of 
manganese nodules, which the "Challenger" dredging brings up 
from the bottom of the ocean, has most probably a volcanic origin also, 
as it is a common constituent of Pacific ocean lavas ; and it appears 
to exist at the bottom of the sea in quantities too great to be ascribed 
simply to the manganese, which may have existed in the organic 
bodies themselves. Its being often found also surrounding true vol- 
canic pumice is a strong indication of its volcanic origin. 

The difficulties which have presented themselves to Messrs. 
Eowney and King, and others, on finding "mineral" matter, in- 
stead of organic substances, in what are claimed to be limestone fossils 
seem to disappear when we remember the close connection which now 
exists, and has existed in ancient periods, between coral reefs and 
basaltic islands, as well as between old limestone and old volcanic 
rocks. It may be that extensive coral reefs, or great organic deposits 
of carbonate of lime, could not form in an ocean, of which the shores 
and islands were composed of purely granitic or quartziferous rocks. 
The lime of the basic lavas may be necessary, when dissolved and 
washed into the ocean, to the formation of extensive coral reefs, 
whilst the olivine sand which remains, and which seems to take the 
place, in the Central Pacific, of the quartz sand of continental shores, 
is always ready to fill up the crevices in the coral rocks, and the pores 
of the coral animals, or to replace their sarcodic bodies with a mineral 
which we know will change to serpentine. This may have been the 
case in the Palaeozoic seas ; and, although we may be ready to admit 
to how great an extent " the dust we tread on was once alive," we 
are reminded by what is going on to-day over the central Pacific area, 
that in the ancient oceans volcanic action was probably at least as 
great as it is at present, or as it has been in recent geological periods 
in the Pacific ; and that this volcanic action may have distributed 
amongst the organic deposits of the Palaeozoic seas all the exclusively 
"mineral" substances, now mostly in a metamorphosed state, which 
we find in the old limestones and dolomites, and of which it might 
otherwise be difficult to conceive the origin, the whole being in point of 
fact the volcanic basic elements in a new form, of which the old 
granites and highly siliceous rocks, their contemporaries, are found 
more or less deprived. 
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XXVI. — Ok SOME OF THE CONDITIONS INFLUENCING THE PeOJECTIOIT 

OF Disceete Solid Materials feom Volcanoes, ajtd on the 
Mode in which Pompei was oyebwhelmed. By Eobebt Mallet^ 
F. K. S., M. K. I. A. 

[Read June 14th, 1876.] 

DiFFEEENT volcanoes, or the same volcano at different times, present 
mainly two distinct eruptive features, viz., the erupted matter is 
mainly or entirely mineral matter in fusion (lava), or it is solid mate- 
rial separated into fragments more or less comminuted, which are 
ejected at various temperatures below that of bright incandescence, but 
short of that necessary for the fusion, or soldering together, of the dis- 
crete material. With the eruptive matter of this latter sort there 
are also frequently thrown out masses or flakes of more or less plastic 
or viscous lava, which has either not been brought into perfect fusion, 
or has been cooled below that point by the contact of discrete matter 
at a lower temperature. These eruptive characteristics are often 
alternately displayed in more or less rapid succession by the same vent, 
while in a state of sufficient actviity. And such has been for about 
three centuries a salient feature in the eruptions of Vesuvius, and also, 
though less markedly, of the present crater of Etna or Mongibello. A 
general prevalence of discrete incandescent ejecta, rather than of 
liquid lava, seems to be chiefly attributable either to a want of- a 
sufficiently high temperature, at the deeper volcanic foci, due to cir- 
cumstances which I have elsewhere endeavotired to trace in outline to 
their physical cause (Phil. Trans., 1873), or to a more infusible and other- 
wise intractable character of the rocky materials constituting the beds 
from and through which the volcanic ducts, or throat, for the moment, 
ascend. Towards the close of eruptive paroxysms the same volcano, Ve- 
suvius for example, which has at an earlier and more energetic stage 
poured forth floods of lava, may give forth less and less of that, and 
more of heated discrete material, such as dust — commonly, but most un- 
fortunately, called ashes — lapilli, pebbles, and stones of various magni- 
tudes. And probably reduction of subterranean local temperature, 
chiefly due to the vast amount of heat carried off by the volumes of 
ejected steam, may be connected with the alternate change from showers 
of discrete matter, which often present themselves at the early stage of 
eruption, before the volcano has gathered full force, and again at the 
end precede the final cessation of eruption for the time. StUl some 
much wider cause must exist, which limits the temperature of 
eruption of the same volcano, either permanently or for length- 
ened periods, to one of incandescence, or far below that of liquid 
lava. Thus the first recorded eruption of Vesuvius, after its long 
repose, in a. d. 79, in which the ancient cone of Somma partly col- 
lapsed, and fell in, and partly was scattered in dust and fragments, 
was not attended by any flow of lava; and, although many eruptions are 
recorded during the next 900 years, or thereabouts, no mention 
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is found of an outflow of liquid lava in any one before that of 
A. D. 1030. It must be admitted that this negative evidence, from 
observations made in times so ignorant and barbarous as those of the first 
1000 years of our era, cannot be accepted as conclusive. The general 
fact, however, seems to be sustained by many other examples in 
different parts of the world, which tend to show that some cosmical 
cause, and not the mere gradual gathering and decay of eruptive 
effort, limits the temperature of many vents to that of incandescence. 
Such differences, whether permanent, or having long cyclical changes 
in exaltation or depression of temperature, as indicated by the ejecta, 
admit of complete explanation upon that mechanism to which I have 
assigned the nature and origin of volcanic heat and energy (Phil. Trans., 
1873), but seem to me extremely difficult, if not impossible, to be 
explained upon the long-accepted notion that the heat is derived only 
and always from a direct connection with a liquid nucleus, or with 
«ea8 of molten matter beneath our earth's surface. 

I propose here to consider merely some of the circumstances 
attending the ejection of discrete or fragmentary material from vol- 
•canic vents, and more especially from that of Vesuvius ; and to try 
whether those conditions may not throw some new light upon those 
under which the ancient city of Pompei was overwhelmed, and which, 
though referred to by many authors, and at various periods, appears 
to me still much in need of elucidation. 

A volcanic vent, while in the phase of blowing out, with steam 
and certain gases, discrete or comminuted material, may be roughly 
presented to the imagination as a more or less goblet-shaped cavity, 
the bottom of which is in connection in one, or in several places, with 
a tube or duct rising from the deeper foci of volcanic activity, the 
goblet and subjacent tube thus resembling in some degree a funnel or 
tundish, through which liquids are commonly poured. 

Were we to provide such a funnel with a stream of air or steam, 
rushing upwards through the tube in irregular gushes, and carrying 
upwards solid material such as sand along with it, much of which 
lodged in the goblet, and, shedding down towards the centre, more or 
less obstructed the tube, we should have a tolerable model both of the 
form and mode of action of a volcano expelling dust and stones, &c., 
without lava. This, though the most general, is not invariably the 
form of volcanic mouths ejecting discrete material, as will be pre- 
sently again alluded to. Within the cavity of the bowl-shaped 
funnel, always filled to a considerable extent at its lower parts with 
incoherent material, an almost continuous mechanical agitation is 
maintained amongst the discontinuous matter by the gushes of steam 
and gases issuing from the ajutage or tube at the bottom, which blow 
their way through the material already contained in the funnel, and 
occasionally bring up fresh supplies of like material to it, while the 
«team gushes often blow out more or less of like material above and 
over the lips of the funnel ; but it does not appear to me that this 
*** trituration," long continued and considerable though it must be, can 
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be admitted as the principal cause of the general rounding ascribed to 
attrition, which is so characteristic of most of the fragmentary matter 
ejected from volcanoes, for almost all the matter which is blown np inta 
the goblet or crater appears to be already more or less rounded, 
whether by partial fusion, or by attrition, or by both. Were it not 
so, sharply angular fragments, almost free from rounding, could 
scarcely f^ frequently to present themselves, having got enveloped 
in other material, and lain perdu in comers where the material within 
the crater chances to be but little agitated. Still the rounding^, 
which goes on within the crater itself must be considerable, for of the 
discrete material blown by the gushes of steam into the air, a large 
portion falls back into the goblet or crater again, to be again blown 
out, and fall back. A certain amount of sorting as to the sizes of the 
rounded fragments goes on by this process. Whatever is ejected, 
whether large or small, above the lip of the crater, starts with about 
the same velocity, depending mainly upon the velocity of the steam, 
gush, and the more or less directness with which it is enabled to act 
upon the matter it blows out ; the larger stones, however, go much 
higher than the finer material reaches, because the work stored up in 
the larger mass bears a greater proportion than in any smaller one to 
the resistance which it experiences. The trajectory of the larger 
stones, though in the same direction, perhaps, initially with the finer 
fragments, becomes more or less disturbed by contact with the 
smaller particles, along with which they are projected, and through 
which they pass with a relatively higher velocity as the whole 
mass rises through the resisting air. These larger fragments are 
thus, both by rising higher and by lateral deflections of trajec- 
tory, more readily thrown out over the lip of the crater than 
are the smaller fragments, which, if not small enough to float for 
a time in the air, and be carried off laterally by the wind, drop back into- 
the crater whence they came. In the greater steam gushes, however, 
the whole mass of fragmentary matter ejected rises often to a great 
height, pushed on and floated, as it were, upon the spreading summit 
of the issuing steam jet, which, pai-tly by condensation, partly by loss- 
of tension, as its volume is free to increase, leaves the irregular and 
by no means very dense mass in the air as a black and opaque cloud ; 
above this the larger stones arc seen to rise still higher, and then to- 
begin to fall either through it, or beside it, dependent upon the force 
and direction of the wind at the moment. The heavier pebbles and 
lapilli are almost immediately seen to rain out, as it were, from the 
lower part of the great dust-cloud ; and where the height of projection 
has been considerable, and there is any sensible wind, to fall more 
or less outside the crater. The finer ejected fragments of volcanie 
dust, &c., float in the air, and are carried on by the wind to a distance 
dependent upon their own magnitudes and densities, upon the velo* 
city of the wind, and upon the height at which they commenced to 
fall, the cloud spreading out more or less laterally as it travels. 

The sorting, however, of the fine particles in the air still con* 
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tinues. Every one of these fine particles (as may be inferred from 
the principles established by Professor Gr. G. Stokes, in his admirable 
paper on the ** Effect of the internal Friction of Fluids on the Motion 
of Pendulums," in which he treats of the suspension of rain cloud, 
and slow descent of rain drops through the air (Camb. Phil. Tr£ins. 
Vol. ix., part ii., p. 8, 1850) speedily acquires a terminal velocity, 
after which its motion of descent is no longer an accelerated one — as 
in the case of large masses, to the descent of which our atmosphere 
offers comparatively scarcely any resistance where the acquired ve- 
locity is less than that with which air rushes into a vacuum — ^but the 
movement of descent becomes uniform, so that the path in space of any 
one particle in air, moving horizontally with a given velocity, is simply 
a right line (assuming the density of the atmosphere the same at all 
such heights as are here in question)] dipping downwards, the slope 
being more and more gradual as the particle is smaller. The distance, 
therefore, to which any particle will be carried by a given velocity of 
wind, assuming its form spherical, may be calculated upon the prin- 
ciples enunciated by Stokes, the chief elements being the diameter 
or magnitude of the particle, the density of its material, and that of 
the air which carries it, and the horizontal velocity of the wind. 

The velocity of descent of the very finest particles, or absolute 
microscopic dust ejected by volcanoes, may thus be so small that they 
remain suspended in the air for days or even for months, and during 
this time may be carried by the wind to enormous distances, and spread 
out laterally over immense areas. These conditions of the transport of 
volcanic dust appear to have been hitherto most imperfectly under- 
stood by volcanic authors, many of whom appear to suppose that the 
distance to which such dust is occasionally carried is somehow directly 
connected with the ejective power of the volcano. 

The distance to which the dust travels has indeed this one point of 
connexion with the eruptive violence, that the higher the cloud of 
mixed volcanic dust is sent into the air, the longer will be the path of 
every particle in it before it can return to the ground ; but there is 
no other point of connexion, the distance to which the pulverulent 
material travels, after its ejection to a given height, depending simply 
on the size of the particles, their form and density, and the velocity of 
the wind that transports them, for we need not here enter upon some 
subordinate, though by no means insignificant conditions, that affect 
the distance of transport, such as electrical excitement in the particles 
or in the air, ascending or descending air currents produced by sun 
heat or by nocturnal radiation, or the effects o5 the particles en- 
countering rain, which, by wetting them, alters both their density 
and their effective magnitude, or causes many dust particles to aggre- 
gate and cohere. 

Few descriptive accounts of volcanoes are to be found which do 
not refer to the enormous distances that dust projected from the vol- 
cano of Tomboro, in the Eastern Archipelago, has been known to 
travel before reaching the surface of the ocean or earth, as though it 

J0T7BN. K. G. S. I. ^VOL. IV., N. S. N ^^ 
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be admitted as the principal cause of the general rounding ascribed to 
attrition, which is so characteristic of most of the fragmentary matter 
ejected from volcanoes, for almost all the matter which is blown np into- 
the goblet or crater appears to be already more or less rounded, 
whether by partial fusion, or by attrition, or by both. Were it not 
so, sharply angular fragments, almost free from rounding, could 
scarcely fail frequently to present themselves, having got enveloped 
in other material, and lain perdu in comers where the material within 
the crater chances to be but little agitated. Still the rounding^, 
which goes on within the crater itself must be considerable, for of the 
discrete material blown by the gushes of steam into the air, a large 
portion falls back into the goblet or crater again, to be again blown 
out, and fall back. A certain amount of sorting as to the sizes of the 
rounded fragments goes on by this process. Whatever is ejected, 
whether large or small, above the lip of the crater, starts with about 
the same velocity, depending mainly upon the velocity of the steanx 
gush, and the more or less directness with which it is enabled to act 
upon the matter it blows out ; the larger stones, however, go much 
higher than the finer material reaches, because the work stored up in 
the larger mass bears a greater proportion than in any smaller one to 
the resistance which it experiences. The trajectory of the larger- 
stones, though in the same direction, perhaps, initially with the finer 
fragments, becomes more or less disturbed by contact with the 
smaller particles, along with which they are projected, and through 
which they pass with a relatively higher velocity as the whole 
mass rises through the resisting air. These larger fragments are 
thus, both by rising higher and by lateral deflections of trajec- 
tory, more readily thrown out over the lip of the crater than 
are the smaller fragments, which, if not small enough to float for 
a time in the air, and be carried off laterally by the wind, drop back into- 
the crater whence they came. In the greater steam gushes, however, 
the whole mass of fragmentary matter ejected rises often to a great 
height, pushed on and floated, as it were, upon the spreading summit 
of the issuing steam jet, which, partly by condensation, partly by loss, 
of tension, as its volume is free to increase, leaves the irregular and 
by no means very dense mass in the air as a black and opaque cloud ; 
above this the larger stones arc seen to rise still higher, and then to- 
begin to fall either through it, or beside it, dependent upon the force 
and direction of the wind at the moment. The heavier pebbles and 
lapilli are almost immediately seen to rain out, as it were, from the 
lower part of the great dust-cloud ; and where the height of projection 
has been considerable, and there is any sensible wind, to fall more 
or less outside the crater. The finer ejected fragments of volcanie 
dust, &c., float in the air, and are carried on by the wind to a distance 
dependent upon their own magnitudes and densities, upon the velo* 
city of the wind, and upon the height at which they commenced to 
fall, the cloud spreading out more or less laterally as it travels. 

The sorting, however, of the fine particles in the air still con* 
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tinues. Every one of these fine particles (as may be inferred from 
the principles established by Professor Gr. G, Stokes, in his admirable 
paper on the ** Effect of the internal Friction of Fluids on the Motion 
of Pendulums," in which he treats of the suspension of rain cloud, 
and slow descent of rain drops through the air (Camb. Phil. Trans. 
Vol. ix., part ii., p. 8, 1850) speedily acquires a terminal velocity, 
after which its motion of descent is no longer an accelerated one — as 
in the case of large masses, to the descent of which our atmosphere 
offers comparatively scarcely any resistance where the acquired ve- 
locity is less than that with which air rushes into a vacuum — ^but the 
movement of descent becomes uniform, so that the path in space of any 
one particle in air, moving horizontally with a given velocity, is simply 
a right line (assuming the density of the atmosphere the same at all 
such heights as are here in question)] dipping downwards, the slope 
being more and more gradual as the particle is smaller. The distance, 
therefore, to which any particle will be carried by a given velocity of 
wind, assuming its form spherical, may be calculated upon the prin- 
ciples enunciated by Stokes, the chief elements being the diameter 
or magnitude of the particle, the density of its material, and that of 
the air which carries it, and the horizontal velocity of the wind. 

The velocity of descent of the very finest particles, or absolute 
microscopic dust ejected by volcanoes, may thus be so small that they 
remain suspended in the air for days or even for months, and during 
this time may be carried by the wind to enormous distances, and spread 
out laterally over immense areas. These conditions of the transport of 
volcanic dust appear to have been hitherto most imperfectly under- 
stood by volcanic authors, many of whom appear to suppose that the 
distance to which such dust is occasionally carried is somehow directly 
connected with the ejective power of the volcano. 

The distance to which the dust travels has indeed this one point of 
connexion with the eruptive violence, that the higher the cloud of 
mixed volcanic dust is sent into the air, the longer will be the path of 
every particle in it before it can return to the ground ; but there is 
no other point of connexion, the distance to which the pulverulent 
material travels, after its ejection to a given height, depending simply 
on the size of the particles, their form and density, and the velocity of 
the wind that transports them, for we need not here enter upon some 
subordinate, though by no means insignificant conditions, that affect 
the distance of transport, such as electrical excitement in the particles 
or in the air, ascending or descending air currents produced by sun 
heat or by nocturnal radiation, or the effects o5 the particles en- 
countering rain, which, by wetting them, alters both their density 
and their effective magnitude, or causes many dust particles to aggre- 
gate and cohere. 

Few descriptive accounts of volcanoes are to be found which do 
not refer to the enormous distances that dust projected from the vol- 
cano of Tomboro, in the Eastern Archipelago, has been known to 
travel before reaching the surface of the ocean or earth, as though it 
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were a proof of the violence and power of that volcano. Dust, in 
reality, may travel much farther after projection with very little vio- 
lence, but from a very lofty cone, than from a low cone like that of 
Monte Nuovo, had its activity continued, or some of the Puys of Au- 
vergne, though these were violently and explosively active. Where 
the mass of discrete matter projected at one gush is large, and where, 
as is most commonly the case, the volume of lapilli, pebbles, and 
large stones bears a considerable proportion to that of the finer dust, 
then the whole mass is projected to a considerably greater mean height 
than would be possible as respects all the finer particles, if none 
larger were present ; for, as the mixed mass ascends, and the finer par- 
ticles, exposed to a relatively greater aerial resistance, tend earliest to 
lose velocity, while the larger particles, lapilli, &c., having a greater 
stored up energy and relatively less resistance, increase in their velocity 
relatively to that of the finer particles, so are the latter forced on- 
wards by the larger fragments towards the upper part of their ascent, 
and are thus carried to a greater height than they could have ascended 
to if alone. There seems, therefore, no reason to doubt that where a 
mass of volcanic fragments of mixed magnitudes is projected, the height 
of ascent of the fine fragments of dust will often be nearly as great as 
that of the pebbles and lapilli largely mixed with it. Unless, perhaps, 
in the case of single outbursts of enormous violence, such as those of the 
Vesuvian eruption of 1822, the direction of fragmentary projection is 
never completely vertical. Whether by the more or less slightly 
oblique direction of the ajutage or throat at the bottom of the funnel, 
or by an oblique direction being given to the gushes of steam from it 
by irregularities in the obstructions produced by matter in the botton^ 
of the crater, or by the pressure of wind upon the ascending steam 
column itself, the direction of projection almost always varies more or 
less from the truly vertical, so that even when there is no sensible 
wind, the heavier fragments are found to fall principally towards one 
side of the crater and cone. The trajectory described, therefore, by 
the projected mass, considered as a whole, approaches to that of a 
parabola, or rather to innumerable parabolas described within the 
horizontal section of the whole cloud. When the mixed mass, as a 
whole, reaches its highest point or vertex of the parabola, the move- 
ment of descent commences the sorting of the mass in reference to the 
sizes of the mixed fragments. 

Any large stones or fragments, being shot much higher than the 
highest point of the mixed maps, are seen to emerge out of it and 
above it. The lapilli and pebbles, descending for a considerable dis- 
tance, if not to the surface (dependent upon their sizes in the parabolic, 
path), force more or less before them downwards the finer dusty par- 
ticles whose ascent they had before accelerated ; but the finer particles 
rapidly acquiring a terminal velocity, remain suspended in the air in 
the neighbourhood of the place where the lapilli have separated them- 
selves by their greater mass, if the air be quite still. But in the 
event of there being a wind, the finer particles no longer move in a 
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irajectoiy or curved path, but float and are carried away laterally in 
right-line paths, more or less oblique, to the horizon, and therefore to 
greater or less distances. If, however, a wind, and notably one of 
considerable velocity, exist prior to the projection of the entire mixed 
mass, the mean trajectory of the whole mass is altered and forced off 
to leeward, and it may be demonstrated that in such case the mean 
trajectory will be a parabola whose axis is no longer qtuim proxime 
vertical, but is tilted obliquely to leeward, through an angle whose 
angular measurement is to 90° as the horizontal velocity of the wind 
is to the vertical velocity of projection. The effect then of what has 
preceded may be illustrated by the diagram, Plate viii., where the para- 
bola ah c,m dotted lines, is the mean path in still air. The angle v ao 
represents the horizontal velocity of the wind as compared with 
that of projection, and a d e the mean trajectory as resulting 
from the lateral effort of the wind. Large stones rising beyond 
the general mass, and going farther in horizontal range, will have tra- 
jectories of their own, such as a x, and will reach the ground a good 
deal beyond the range of any of the other particles in the mass. 
Some of the larger pebbles or lapilli will continue their parabolic 
descent, but the great mass of the pulverulent or finely divided mat- 
ter, having acquired a terminal velocity soon after having reached 
the descending curve of the mean trajectory, will separate and des- 
cend slowly while floating off to leeward in paths similar to z g. 

If the mass of the smaller particles consist of fragments whose 
densities and sizes are nearly the same, then the path t z may be 
taken to represent their mean path of slow descent, and the 
horizontal distance to which a preponderant proportion of the entire 
shall be carried before it reaches the ground at g. At this point, sup- 
posing the ground to be a plane and level surface, the projected mass 
of fine material will be deposited as a low umbo or shallow mound at 
^, deepest towards the centijB, and becoming evanescent round its 
curved circumference, which may approach the form of a circle or 
oval. We are thus enabled to see that in one, or in many successive ejec- 
tions of such comminuted material, the conditions of projection being 
the same or nearly so, a very large proportion of the finer material 
projected will be carried to the same distance from the crater, and 
will, while the wind continues unaltered, be deposited upon the 
earth's surface at or in the close neighbourhood of the same spot. 
These circumstances will be most effectively and regularly fulfilled 
where the material blown up out of the crater is largest in mass, and 
is projected by one powerful gush of steam, issuing from a single 
adjutage situated about the middle of the crater cavity, or where seve- 
ral such take place in succession ; and such have been usually the con- 
ditions under which such projections, during the times of i^odem 
observation at least, have been sent forth by Yesuvius, and where in 
the same mass the lapilli are smaller as compared with the still finer 
material, the distance between e and g will be less, and may even 
become so small that lapilli and dust are found in the same mound, or 

k2 
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in different portions of it. "We may, therefore, not unwarrantably- 
conclude that such were also the conditions under which the pul- 
verulent matter which buried Pompei was belched forth in the year 
A. D. 79. 

The condition under which projections of discrete material occa- 
sionally take place from Yesuvius, and no doubt from other volcanoes, 
are not always precisely such as have been described, and the circum- 
stances wherein they differ give rise to some very curious phenomena, 
which are worthy of notice before proceeding further. From 1857, 
and for about three years afterwards, a secondary crater (or hoccay as^ 
such apertures are usually termed by Italians) had opened and remained 
so upon the northern side of the main crater of Vesuvius, and upon the- 
slope not far down from the summit. This hocca was in 1858 a nearly 
circular aperture of from fifty to sixty feet in diameter, perforating at 
the surface right through the solid beds of lava, which at different 
periods had overflowed at that side from the main crater, and, descend- 
ing far below these, passed, no doubt, through a succession of beds of 
conglomerates, loose lapilli, and probably thin lava sheets, in a direc- 
tion tolerably vertical, so far as could be seen or judged of by the 
direction in which ejecta were blown out from it. The edges of this- 
crater, being of solidified lava, enabled one to approach, though not 
without some danger, almost to the edge of the fiery abyss, the side& 
of which, even in daylight, were red-hot to within a few feet of the 
lip. The aperture opened upon a slope, by getting to the higher side 
of which, and cautiously approaching the edge, with the face and head 
enveloped in a wetted towel, it was possible for a few moments to look 
into the interior, and to see that its sides, though nearly perpendicular,, 
were abnlpt, craggy, and more or less undercut, and to hear above the 
rhythmical roar of the immense volume of superheated steam which 
was continually emitted in gushes from the mouth, the stifled, bub- 
bling sound of gases and vapours, as if driven through some viscoua 
liquid or obstructing discontinuous matter far below. The steam 
which escaped with considerable elastic force, filling the entire 
area of the hocca, was so highly superheated that it remained almost 
transparent for many feet above the lip, so transparent at the level of 
the latter that the fluttering image of a person standing a few feet off 
from one edge could be discerned by an observer standing on the oppo- 
site one. Rounded stones up to four or five inches in diameter were 
occasionally shot from this mouth, but its chief discharges of solid 
matter consisted of small pebbles, lapilli and fine comminuted volcanie 
dust, all of which were occasionally shot forth in somewhat large 
quantity. While this hocca continued open and free, the main crater 
was almost quiescent, its funnel-shaped cavity, from which dense 
vapours and steam constantly escaped, rather by permeating the entire 
mass of perfectly loose pulverulent material which filled the interior, 
leaving a large conoidal cavity above them, than by any apparent 
definite throat or aperture at the bottom, so far as could be ascertained 
by observations made around the brim, the loose material below which, 
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ionning the funnel-shaped cavity, was too loose and soft to admit of 
being walked upon at ^1 without danger of sinking into the mass, the 
temperature of which was high enough to scald ; flakes of very viscous lava 
were, however, occasionally thrown out from the bottom of this crater. 
It was to take advantage of the peculiar character of this hocca that I 
prepared in 1859 all the apparatus and instruments necessary for ascer- 
taining its temperature down to the greatest depth at which it might be 
possible to lower an instrument by means of a wire cord, suspended 
from the middle of a wire rope, held like the chain of a suspension 
bridge across the mouth of the hocca. The greater part of this appa- 
ratus remains still, through the kindness of Professor Guiscardi, in the 
<5are of the University of [N'aples, and may possibly be available for 
some future observer. 

The hocca itself, however, suddenly and unexpectedly fell in, and all 
its peculiar features disappeared in a chaotic hollow of blocks of lava, 
•and heaped-up incoherent material, before circumstances admitted of my 
return to Naples for the above purpose, a circumstance which is worthy 
of note as indicating that the pebbles, lapilli, and finer material which it 
discharged were derived from the under-cutting and shedding in of the 
imperfectly cohering beds constituting more or less of the sides at 
various and considerable depths, which, being undermined, at last pro- 
duced the collapse of the hocca, that being perhaps also aided by other 
movements or erosions connected with the main crater. As the 
lapiUi and pebbles discharged by this aperture appeared quite as much 
rounded— ;-indeed, differed no way in character from those at previous 
periods discharged by the main crater — and as in this minor crater 
there was certainly no great accumulation of discontinuous material 
at the bottom continually being blown out, and falling back again, and 
in continual movement so as to get rounded there by attrition, so it 
appears to be a reasonable deduction that the rounded fragments 
driven out from the hocca were shed into it from the sides in an 
•already rounded state, being, in fact, derived from the beds constitut- 
ing the cone itself, all of which had been at some time or another pre- 
viously shot forth from the main crater. For a long period during 
the year 1858, the pebbles and lapilli driven up from this mouth 
ascended to a considerable height, and formed rings in the air of a 
very curious character and singular appearance. It has long been 
known that smoke or vapour, when forcibly expelled from a cylin- 
•drical tube, occasionally takes the ring form. This was first, I believe, 
noticed in the smoke of smooth-bored artillery when fired in perfectly 
still air, the plane of the smoke rings being in that case at first per- 
pendicular to the axis of the piece; they have been frequently 
observed in calm weather amongst the discharges from the funnels of 
locomotives, and I am informed are readily produced in the smoke 
from a tobacco pipe ; and I once observed steam rings produced 
on a large scale, and in a very striking manner, by the discharges 
of a very large and old high-pressure blowing engine, which dis- 
<jharged through an iron cylindric funnel of four or five feet in 
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diameter. The rings in this case were at first in a horizontal plane^ 
and gradually increased in diameter, as they all do, while floating off" 
with the wind. Six or seven rings of various sizes, and in 
various stages of dissolution by condensation, could sometimes be- 
counted together in the air ; and on the occasion when I witnessed 
them, a nearly calm and moonlight autumn night, the effect of theso 
illuminated halos, like those which the old painters imagined round 
the heads of their saints, was at once spectral and beautiful. In all 
these cases these rings are formed of gas or vapour ; but in the case of 
those observed by me in 1858, sent forth from this hocca, the rings were 
composed of steam, and to a very large extent of the pulverulent 
material shot up by the steam from the hocca. At each discharge an 
opaque and hoiizontally somewhat flattened, but irregular, cloud was- 
driven up to a height which I estimated to reach from 500 to 800 feet 
above the mouth. As its upward movement slackened, the cloud 
became more symmetric and circular in form : a clear space showed 
itself towards the centre, which rapidly enlarged as did the external 
diameter of the cloud, which very rapidly assumed the form of an 
almost perfect ring, curviform in section, but not of perfectly uniform 
thickness, some parts being generally denser and more opaque than 
others. The wind during the time of my observation was almost 
always from some southerly point, and these rings, constantly enlarg- 
ing in diameter, though with much slowness after the first few 
moments, fioated off to leeward over Somma and the plain beyond it, 
each ring, becoming gradually distorted, by gently ascending currents, 
of air in its path, and the plane of the ring often becoming^ 
twisted and tilted from the horizontal direction which they had 
when first started. These rings were best observed with a good 
telescope, from eminences on the eastern side of the city of I^aples,. 
and, watching them steadily from thence, it could be distinctly seen 
that each ring, at the time its upward movement was arrested, con- 
sisted of fragments of solid matter differing considerably in size, and 
that these, as the ring formed and became symmetric, had a gyratory 
or circular movement in nearly vertical and radial planes, the rotation 
being outwards at the top part of the ring and inwards or towards the 
centre at the lower part. The larger and heavier fragments, how- 
ever, began rapidly to separate themselves, and to rain as it were out 
of the ring, so as to present a sort of ring-shaped beard falling from the 
lower side, denser and thicker in some places than others, but remain- 
ing with the ring as both were driven along by the wind. As the- 
plane of the ring became enlarged, attenuated, distorted, and altered by- 
tilting, and finally disappeared, leaving only a trace of dust cloud in 
the air, so did the bearded columns of lapilli that rained out of the ring, 
at first in nearly right lines, slightly oblique to the vertical, gradually 
become curved more oblique, distorted, and scattered, until, long before 
the fragments appeared to have reached the ground, they ceased to be 
visible at all. These ring clouds of dust and pebtles, when first formed 
at the termination of their ascent, were not, as I estimated, very much. 
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larger in diameter than the mouth of the hocca whence they came, hut 
some of them remained still recognisahle as fragmentary or distorted 
rings until they had attained apparently six or eight times that dia- 
meter, or one hy estimation of from 300 to 400 feet, and hef ore finally 
disappearing many of them seemed to have floated to a horizontal dis- 
tance equal to that from the hocca to heyond where the northern slopes 
of Somma joined the plain. I am informed that rings like these have 
since been described as observed above Vesuvius, though I do not 
know by whom or where the account has been given of them. In a 
physical point of view, the mechanism of their production, whether of 
vapour and smoke only, or of vapour, and in great part of solid matter, 
much of which was in fragments by no means minute, is of much 
interest. The point which connects them with our present subject is 
that they present an example of the great distance to which discrete 
material may be carried from volcanic vents by the wind, though the 
height of projection be but moderate, by a mechanism which is in 
some respects entirely different from that which has been already 
described. 

The only contemporary account of the circumstances attending the 
overwhelming of Pompei which has come down to us, is that contained 
in the celebrated and often quoted letter of Pliny the younger to 
Tacitus, in which he gives account of the proceedings of his uncle 
Pliny the naturalist, on the day, or on one of the days, of the eruption, 
and of his death at the house of Pomponianus, situated close by the 
sea at Stabiae, near the present Castellamare. This letter, however, 
really contains scarcely any description of the eruption, and but very 
few facts which are of any physical value in assisting us by references 
to such natural observations as can still be made in deciphering the 
actual circumstances under which Pompei was overwhelmed. 

The letter, too, is misleading in some respects by the want of 
power shown by all classical authors to interpret with certainty or 
truth natural phenomena, of the laws governing which they under- 
stood so little. The often ill-founded conclusions of antiquarians, 
from facts which they supposed they had observed, duiing times before 
archaeology had assumed anything of its present exactness and scien- 
tific character, have further tended to confuse the notions which have 
become prevalent as .to the nature of this catastrophe. Thus, from the 
statement of Pliny's letter, that his uncle's death, after he had com- 
menced his attempt to escape from the house of Pomponianus, was 
occasioned by some suffocating vapour which suddenly surrounded the 
spot on which he lay, has given rise to the fanciful notion that 
eruptive rents suddenly burst through the plain not far from the place 
where Pliny the elder lay ; and some Italian writers of the last cen- 
tury imagined on this assumption that Pompei was buried by erup- 
tions breaking through the plain itself, or at the base of Yesuvius 
close by. Nothing can be more probable than that a huge cloud of 
steam and sulphurous or hydrochloric acid gases, the ordinary products 
of every eruption, may have eddied down from the crater and been 
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driven by the wind across the plain and over against Stabiae, and that, 
by the inhalation of one of these mixed with much fine dust, Pliny, 
who was a corpulent and pursy man, with weak lungs, was sufficiently 
choked to produce asphyxia and his death. The statement also of 
this letter, that the chariots which had been ordered out from the 
house of Pomponianus could not be kept steady, but rolled backwards 
and forwards, though some stones were put under the wheels, has been 
adduced in proof of assumed enormous earthquake oscillations of the 
ground near Stabiae by the violence of the eruption ; but admitting the 
fact, it really proves nothing as to the extent of earthquake oscillation 
at the spot, which could not have been great, or the house of Pomponia- 
nus, from which Pliny had just escaped, must have been levelled, as 
indeed must a fortiori have been those of Pompei itself, which are still 
standing, although it may be alleged, as respects the latter, that they 
were possibly propped up previously to the tiiyie of Pliny's death by 
the dust which had already partially overwhelmed the city. Much 
learned speculation has also been wasted upon questions connected 
with the supposed upheaval of the plain upon which Pompei stands, 
and upon the Samo, now an insignificant stream, though a torrent during 
continuous heavy rain, being but the residue of a large navigable 
estuary that led up to Pompei itself, where the discovery of some 
architectural remains, supposed to be a water-gate, and the finding 
occasionally in the soil of the plain a few shells of existing Mediterra- 
nean species, which may have been blown in by the wind or 
carried there by human beings, seem to be the only foundations 
on which that speculation has been based. That the plain at 
its eastern side has not been upheaved to any appreciable extent 
since the foundation of Stabiae appears certain, or otherwise the 
remains of Stabiae and Castellamare, the naval dockyard of modem 
Kaples, could not remain as they do, close by the margin and very 
near the sea level. So, also, at the other or western side of the plain, 
the level of the main street of Pompei which has been cleared out is 
nowhere more than about twenty-seven feet above the level of the sea ; 
there is, therefore, little evidence or even room for the supposition of 
bodily upheaval at this side, or indeed, of any part of the plain, and, as 
the limestone formation of the great peninsula between Sorrento and 
Amalfi in all probability underlies the plain of the Samo, over which 
the ejections for ages of Somma and Vesuvius have been spread, any 
such bodily elevation could scarcely take place unless it comprehended 
the whole of the limestone formations of that peninsula, of which I 
am not aware that proof exists. The catchment or gathering area of 
the Samo, about 150 square English miles, is quite too small for it 
ever to have been a great river with a navigable estuary, unless on the 
supposition of enormous changes having taken place since the founda- 
tion of Pompei, in the surface, levels, and natural features of the 
Terra de Lavoro to the northwards. The sea at that period was, no 
doubt, nearer to Pompei, and there may have been some small estuary 
of the Samo which once, though long before our era, permitted small 
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|}oats to reach Pompei, though the configurations of the beach between 
Torre delF Annunciata and Caster amare, which is one great un- 
broken sweep, present no indication of its ever having been pierced 
by such an estuary. The plain of the Samo has been gradually filled 
and silted up to its present level, as it seems to me, by the various 
ejecta from Somma and Vesuvius, of their washing down by rain, a;nd 
by the tufaceous muds brought down by the Samo itself ; and it seems 
most reasonable to conclude that the features of the whole plain were 
in A.D. 79 very much the same as they are now, and that base Pompei 
stood at very nearly, if not exactly, the same level then as it does 
now. 

Amongst the few facts recorded in the letter of Pliny the younger 
which have any significance in interpreting the conditions under 
which Pompei was overwhelmed, are, first — the indications which 
may be gathered from it as to the direction of the wind. A Roman 
fleet under the command of Pliny the elder lay at anchor at the time 
the eruption commenced, at the port of Miseno, near the cape of that 
name, where Pliny himself was staying. Pliny, informed by his sister- 
in-law, Plinia, that a very singular cloud was visible to the eastward, 
ordered a light vessel (one probably not very different from a modern 
^* speronala") to be got ready to take him across the bay for a nearer 
inspection of the phenomenon. The sea at this time could not have 
been rough, or Pliny would scarcely have proposed to cross it in such 
-a vessel, nor could the wind have been in a direction much opposed to 
his proposed passage across the bay. Before he embarked, however, a 
message reached him from Rectina, the wife of Bassus, who had a villa 
near the sea, somewhere on the south-west slope of Vesuvius, and situated 
probably between Resina and Herculaneum, near and over which 
Torre del Greece now stands, entreating him to come to her help, as 
she was in great danger from the ejecta thrown down from the moun- 
tain, and could only safely escape by sea. Pliny, therefore, ordered 
out some large vessels or galleys, and shaped a course towards Hercu- 
laneum, but was unable to land, or apparently to offer any assistance 
in consequence of the volcanic ejecta which fell upon his ship. He, 
therefore, directed his pilot to shape a course for Stabiae, and land 
him at the house of Pomponianus, which he seems to have reached 
without difficulty. His course from Miseno to Herculaneum was, 
therefore, nearly from west to east, and the continuation of his voyage 
from Herculaneum to Stabiae nearly south-east, or more exactly 
E. 44° S. from the former, as may be seen on the map, Plate ix. 

The sea had risen apparently as well as the wind during the voyage, 
l)oth being boisterous when he arrived at Stabiae. We may conclude, 
therefore, that the direction of the wind was from the westward 
within some few points to the north or south of it ; but more probably 
a little from the northward than from the south, as the galleys which 
brought him to Stabiae seemed to have been unable to remain there. 
The sudden rising of the violent wind is a phenomenon well known 
to accompany every great eruption, and the wind gave rise to the 
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heavy sea, and not any earthquake rocking of the sea bottom as has- 
been often inferred by older authors. 

Now, Pompei bears from the existing crater of Yesuvius a direction 
S. 33i° E., distant 6^ miles, and Stabiae bears S. 18° E., distant 10^ 
miles from the same crater, so that if the direction of the wind was 
exactly that of Pliny's course after leaving Herculaneum, it did not 
differ more than 12° from blowing straight over Pompei from the 
Vesuvian crater, nor from Stabiae more than 28°. The wind, therefore, 
was in such a direction as would bring fine ejected material right over 
Pompei, and, allowing for the dispersion by greater distance of the 
heavier ejecta, is there any difficulty in seeing how these reached 
Stabiae where, according to Pliny's letter, the courtyard of the 
house of Pomponianus became gradually blocked up, not with dust and 
lapilli, but with stones and pebbles. We have, however, no certain 
knowledge that the wind was preciseli/ aft of Pliny's course after leav- 
ing Herculaneum, though it cannot have differed much from that 
direction, judging from the time that the galleys must have ];eached 
Herculaneum. We are, therefore, justified in concluding that the true 
direction of the wind during the first night and day of the eruption 
was straight over Pompei from the crater, or in the direction 
S. 33 J° E., which only differs by 15^° from the direction of Stabiae 
from the same crater. We may, therefore, take the testimony pre- 
sented by the immense mound of dust which covered Pompei as giving^ 
the true direction of the wind during all the earlier hours of the 
eruption, and that the stones and larger fragments having greater 
trajectories which reached Stabiae were projected with it in the many 
successive explosions. The difficulty which will suggest itself to the 
reader of why these larger fragments should have differed at all in 
direction from the course taken by Pompeian dust, is far more apparent 
than real;' for, 1. We have no other land-mark by which to fix the 
direction taken by these heavier fragments than Stabiae, and although 
they fell here, vast, and for aught we know still larger, quantities- 
may have fallen also to the north and east of Stabiae for a 
distance of from two to three miles, which would bring the north- 
eastern extremity into the line passing through Pompei and the 
crater. 2. It seems extremely probable that during the latter 
period of the day on which Piiny perished, the violent wind in a 
S.SE. direction, sweeping over the plain, eddying round the northern 
base of Yesuvius or Somma, and impinging obliquely upon the face of 
the precipitous mountains of the Sorrento Peninsula, would be de- 
flected towards the S.W., and so carry the heavier projectiles in the 
lower part of their course a little to the S. and W. 3. It is possible 
that the direction of the wind, after the deposit of a large portion of 
the dust which overwhelmed Pompei, may have changed by a point or 
two more to the southward, and so carried the larger fragments which 
reached Stabiae later in the day a little more to the southward. Lastly, 
the analogy of almost all great eruptions justifies us in concluding that 
the whole of the ejecta may not have been projected from the crater 
itself in precisely the same direction. 
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As we walk over the surface of the material that covers still by far 
the larger part of the ancient city beneath our feet, we are struck by 
the fact that the general contour is that of a low irregular umboy a 
colline sloping off into the plain, but sloping less in the direction of 
the base of Vesuvius at its junction with the plain, the umbo being 
thus, as it were, joined to the roof of the mountain by a sort of low, flat, 
peninsular rise of ground, above the surrounding level. This would 
have been the shape that, on principles already enunciated, must have 
been assumed by the deposit of pulverulent matter, whether due to a 
single or to many successive ejections, if the deposit had taken place 
about the same surface upon a perfectly flat plain. When, however, 
we pass round the disinterred walls of the city, and traverse those of 
its streets which have been cleared of rubbish, we see that the 
ancient city itself was built upon a low and irregular piece of ground, 
sloping off from it differently at different sides ; the rise of the 
ground towards the north-west, south-east, and southern sides being 
the steepest, so that the umbo-like form assumed by the deposited 
matter was rendered more convex by the shape of the ground 
upon which the city was built. It appears, therefore, that the site 
chosen for the city, as a commanding one and secure from inundation, 
was upon a boss or elevation formed by one of the extremely ancient 
outflows from the crater of Somma, consisting chiefly of solidified, 
though probably cavernous and irregularly broken-up, rocky material, 
which, as is almost always the case in lava streams, after flow- 
ing down a steep slope, have, on reaching the plain, bulged out into 
large flattened masses where their movement has been arrested. This, 
deeper foundation of Pompei has, like the lava stream which origi- 
nated it, been covered up in the course of ages by deposits of loose or 
comminuted material. It is evident that there are beds of lava below 
the city which even now, or, if not now, at the time of the heaping 
on of the shower of lapilli and dust, are or were being locally broken 
and crushed down, and the hoccaa and hollow places compacted to- 
gether by gravity. For in no other way can the local distortion of 
levels of the houses, of lines originally horizontal, the fall of arched 
lintels, the distortions in level of the impluvia, and of the door sills, 
and the sills of the shutters of shops, be accounted for. I observed 
and sketched some of these distorted sills, one remarkable case being 
shown in Plate x., fig. 3, where the arched lintel over the shop front, 
and part of the piers at either side had fallen, both the piers being 
slightly out of plumb, and a little nearer ^o each other at and near the 
base than near their tops. The same lateral force which had disturbed 
these by its *'end on'* pressure, had forced the sill stones «, ^, Cy 
which contained the shutter groove for closing the shop, and which 
must have been originally level and straight, into the positions shown 
in the diagram. The abutting ends of the two most inclined stones, 
a and ^, having been urged against each other with such force as to 
have slightly crumbled the stones and splintered their lower arrises. 

No subterraneous movements, as it appears to me, can account for 
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such powerful lateral disturbances varying in character within short dis- 
tances, except local subsidences produced at considerable depths below 
the street levels by the breaking in of local hollows beneath, producing 
lateral movements in some cases, as above, of compression, and in 
others of extension, as evidenced by numerous wall fissures widest at 
the bottom, and narrowing towards the top. The weight of materi?d 
deposited upon Pompei was, in the aggregate, enormous, although it 
must be borne in mind that the depth of deposit, which in the year 79 
rendered the city uninhabitable, was probably very much less than that 
which now covers the unexcavated city. Eighteen hundred years 
have passed away since then, and innumerable eruptions, great and 
small, have since the year 79 shed their dehris over the heap then 
formed, and added to its depth, which now is, probably, in some 
places 40 or 50 feet. We have some, though not perhaps very certain, 
data for assigning the depth of material which may have covered the 
city just before its final abandonment. Bearing in mind that the 
shower of pulverulent matter must have continued for many hours, if 
not for days, in an irregular, intermittent manner, sometimes dense to 
suffocation, at others comparatively rare, as the belches from the crater 
were greater or less, or the wind at the city shuffled or shifted for the 
moment, there was ample time for the escape of the inhabitants, and 
for their carrying off their most precious effects. And as even three 
or four feet in depth in the streets would have rendered escape difficult, 
it seems reasonable to conclude that the inhabitants had escaped 
before two yards in depth of material had fallen over the city gene- 
rally. The depth, however, must have varied considerably in different 
places, for, like snow or hail, and all other light material descending 
through the air, the dust or ashes must have been heaped up in drifts 
in many of the streets and places presenting suitable directions to that 
of the wind. 

The final destruction of the city, however, took place when the 
buildings began to fall beneath the mass deposited upon them. 

By far the largest proportion of the Pompeian buildings were only 
of one storey in height, a few only, and those of the meaner class of 
dwellings, chiefly situated above shops, had a second storey, indicated 
by some vestige of stair-cases. The higher class of dwellings appear 
to have had timber roofs covered with tiles, with but a slight slope 
towards the open court which usually formed the centre of the 
dwelling ; these, though supported by columns near the eaves, would 
bear but a slender load before breaking down. The great majority 
of the houses, however, the lineal ancestors of those which at the 
present day we find at Lacava, Vietri, and many other of the ancient 
towns of the extreme south of Italy, and in Sicily, were flat-roofed. 
Even the construction of the shops now in use at Lacava is identical 
with those disinterred at Pompei. Although little is known as to 
what was the actual construction of the middle class and meaner 
houses of Pompei, we may rationally conclude that they were 
structurally the same as those of the light class of modem houses in 
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the old towns above mentioned, and that of the flat terrace roofs which 
are still prevalent in the Lipari Islands, where customs have changed 
but little, for perhaps thousands of years. The roofs of Pompei con- 
sisted of a layer of rough beams, often but rudely squared, and of no 
great size, placed upon the walls at distances of three to five feet 
apart, covered over by rough oak planking, and surmounted by from 
six to nine inches in thickness of a beton consisting of lime, pebbles, 
or broken stone, and volcanic sand or pozzuolano. FHat roofs thus 
constructed, having in view the average spans of unsupported beams, 
would probably be broken down by a uniformly distributed load oiE 
much less than half a ton to the square foot. Adopting that maxi- 
mum limit, and assuming the weight of deposited material to have 
been not less than one hundred pounds per cubic foot, we see that a 
deposit of between eleven and twelve feet in depth must have been 
enough to have originated the destruction of the houses, the forcing 
down of the roofs of which must have prised and dislocated the walls 
to a large extent. Perhaps the average thickness of deposit which 
covered the city in a.d. 79 may have much exceeded the minimum 
thus assumed, but that its depth was nothing approaching that which 
now covers the unexcavated portions of the city seems indicated by 
two facts. It was found during the latter part of the last century that 
in one instance at least a place where treasure had been depositM was 
marked, and by excavation down to its place had been at some remote 
period removed, a feat scarcely likely to have been performed through 
any great depth of loose material. The quantity of timber which, so 
far as I am aware, has been dug out, bears no proportion to the very 
large quantity which must have entered into the roofs of the inhabited 
city, nor have any considerable quantities of charcoal, or of '^ humus," 
resulting from the wet decay of timber been found. I therefore 
hazard the conjecture that for a century or more after a.d. 79, the 
depth of loose material covering the city was not such as to prevent 
the inhabitants of the neighbourhood from extracting a large propor- 
tion of the timber that had been buried, and employing it for structu- 
ral uses, or for fuel. If this be admitted, it follows that since the 
inhumation of the city, and during the eighteen hundred years that 
have since elapsed, a mass of pulverulent matter has been gradually 
shed over its site by Vesuvius, nearly equal in depth to that which 
in the great eruption of a.d. 79 covered it ; and if so there is no 
geological difficulty in admitting that the plain of the Same, as well 
as the country all round Vesuvius, has been considerably raised in 
level by volcanic deposition, and without any general movement of 
subterraneous elevation. On the same grounds we see the high 
probability there is, that the sea shore was at the time of the founda- 
tion of Pompei, and for many centuries afterwards, considerably 
nearer the city than it now is. Indeed, the land all round Vesuvius 
has been long steadily encroaching upon the sea, for along its seaward 
slope ejecta or lava from the mountain have repeatedly reached and 
even run into the sea, and the production of shoals has mainly been 
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prevented by the rapid slope of the sea bottom, and the depth of 
•water under the mountain. Even assuming, as above, the depth of 
dusty deposit at the time of the abandonment of the city did not 
exceed one-half its present depth of covering, a difficulty may occur 
to some whether so enormous a mass as even 20 feet in general depth 
could have been blown from the volcanic cone of Somma, then 
destroyed, within the period of probably not more than three or 
four days. The dusty deposit, upon the principles already enunciated, 
must have been of unequal thickness deepest towards the centre, and 
thinning off towards the edges or circumference. The ancient city — 
judging from the area within the walls, and allowing for suburbs 
outside these, extending about as far in all directions as they have 
been found to do in the part excavated in the neighbourhood of the 
Street of Tombs, to the north-west of the city — would cover an area 
of scarcely a mile in diameter, for the city within the walls was 
scarcely a mile in its greatest length, viz. : from north-west to south- 
east, and scarcely half-a-mile in width, transverse to this. To cover 
the area of a circle one mile in diameter uniformly to a depth of 
seven yards or twenty-one feet requires rather less than 17,000,000 of 
cubic yards of material, and such a mass would probably have been 
quite sufficient to inter the whole city. The existing cone of Vesu- 
vius, down to the level of the Hermitage which is several feet below 
the level of the Atria del Cavallo, has been calculated by me as 
having a volume of 0-446 of a cubic mile (Phil. Trans., 1873), and the 
cone of Somma, prior to a. d. 79, may probably have been of much 
larger volume, but, taking it to have been the same as now, then the 
blown away portion of it which covered Pompei was only x^e- of the 
entire mass of the ablated cone, and, indeed, may have borne a far less 
proportion, for much of the blown off dust may have been heaved up 
from far greater depths, leaving cavities into which large fragments 
of the destroyed cone subsided. That Pompei was covered up by 
the deposit of successive dense clouds of dust and lapilli carried by 
the wind does not seem to have entered the mind of Sir. "W. Hamilton, 
who appears to have considered the mass to have been in some way 
due to projectile forces only, and, in illustration of the sufficiency 
of this, observes that he found a lump of pumice of eight pounds in 
weight, either on the surface, or buried in the dusty material. It is 
not impossible that some large fragments of a material so light as 
pumice may have become entangled and swept along with the dust 
cloud, though the fact is by no means probable. I hunted in vain 
for large fragments of pumice or denser material, and was unable to 
find a single piece, even of pumice, weighing more than a few ounces, 
so embedded that it could not but have been carried with the finer 
material. Large fragments may have been actually projected and de- 
posited in the higher strata in eruptions occurring long after a. n. 79 ; 
but it seems more probable that the large fragment referred to by Hamil- 
ton may have been forced out of some of the walls or buildings in the 
-city, and never thrown over the latter at all. In support of this pro- 
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l)ability, I observed in a bank of pulverulent material, not far from the 
amphitheatre, a bed, several feet in length, and about fifteen inches 
deep, exposed, which at first glance looked like blocks of pumice of ten, 
twenty, or twenty-five pounds weight, but a closer examination showed 
that they were lumps of travertine carried out and forced away from 
the rubble wall of some overthrown building, as shown in Plate x., 
fig. 4. Some such origin was probably that of Hamilton's eight- 
pound block, for a mass of such a weight, as well as those of the bed 
of travertine, must, if projected along with the dust cloud, have gone 
much farther and fallen beyond its limits, as did the heavier frag- 
ments which fell over Stabiae. 

A good deal of obscurity and error as to the nature of the deposit 
has also been produced by the speculations of archaeologists and others 
as to supposed illuvioneSy or torrents of mud, imagined to have been 
belched forth and run like lava over the city. Of the existence of such 
I could find no traces. Had the city been buried in such a manner it 
is scarcely conceivable but that immense remains of these mud currents 
must have been found covering the low elevation or peninsula which 
joins the site of the city to the foot of the mountain ; and probably 
even now traces would exist on the flank of Vesuvius in the track of 
euch masses, had they ever descended, and that such masses of mud could 
ever have been blown into the air and dropped upon the city is too 
absurd for consideration. The notion of these mud deposits has arisen, 
first, from the absence of any clear conception of the mechanism here 
attempted to be developed, by which immense dust clouds are projected 
and wind-carried ; and from a very imperfect and partial examination, 
without intelligent analysis of the circumstances under which some 
not inconsiderable portions of the dusty covering of Pompei have been 
subsequently wetted and converted into mud, which in some cases has 
flowed into cellars or other hollows. So far as a careful examination 
enabled me to judge, these partial productions of mud were due to 
accidental saturations of the previously dry dusty material by overflows 
^f water consequent upon the destruction of the city. That Pompei 
was well supplied with water is evident from the water-pipes that have 
been found beneath the streets and buildings, by the existence of water- 
cocks or taps in the houses, and by the existence of trades, such as 
those of fullers and dyers, requiring copious supplies of water, as 
well as by public fountains and baths. When the city became buried 
some of these water supplies must have overflowed and continued 
running, until, at length, choked in the wetted volcanic paste which 
the water created 3,round them, and the recession of which by drains 
or gullies must have been greatly impeded. This appears to be the 
real origin of the running mud which filled up some of the large 
cellars and other hollows, and the only foundation for the untenable 
notion of illuvionea, or mud eruptions, having covered the city. Mud 
■ejections, it may be remarked, have never been recorded upon any 
assured authority as having issued from either Yesuvius or Etna. That 
"the dusty material which fell upon Pompei was in part damped by 
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the condensed steam, and rain resulting from that, which were blown 
up and descended along with the dry material, is certain, not onjy 
from the phenomena generally observed in eruptions like this, but 
proved by the many scattered beds of '* spherulites," or pisolites, or 
little balls of coherent dust which are found in many places in the^ 
covering deposit. These little coherent balls, which vary in size from 
that of a very large to a very small pea, are found in great abundance 
in the neighbourhood of the Amphitheatre, that is, about the portion 
of the deposit most distant from the crater, and which would, there- 
fore, be likely to have the largest amount of diffused moisture mixed 
with it. These spherulites have not much coherence : they can be^ 
readily crushed between the- finger and thumb, and have obviously 
been formed by the aggregation of very small moist particles descend-^ 
ing through the air from a considerable height, and increasing in size 
as they descended, much in the same way as hailstones are formed hy 
the aggregation of minute icy spiculae descending from the clouds^ 
These little concretionary nodules show no well-marked internal 
structure : they are mere aggregates of very fine dust of nearly uniform 
size. If, however, the beds in which they are now surrounded and 
preserved were saturated with calcareous water for a sufficient length 
of time, there is little doubt that the pisolites would be converted inte 
concretions like those of oolitic beds by the formation of crystals of 
arragonite, arranged radially to the centre of each sphere. Unless, 
however, in such low-lying portions of the city within the walls as- 
may have had their surface drainage imperviously cut off, it does not 
seem likely that rain water alone could have been sufficient to have 
thoroughly saturated and reduced to mud any large portion of the dry 
and thirsty dust that covered up the city. Another old notion that 
the mud currents were produced by an earthquake wave of translation 
which in a.d. 79, or subsequently, came in from the sea and swept over 
the buried city, seems devoid of any probability, first, because there 
is no proof that any earthquake has ever occurred off the coasts of 
Italy of sufficient power to produce such a wave, that which over- 
whelmed the mole of Miseno (?) or Messina (?), having been produced by 
a great landslip under water from the opposite coast of Calabria, being^ 
no exception ; secondly, because the streets of Pompei being from 25^ 
to perhaps about 30 feet above the level of the sea, a wave which 
could have swept over the city would have exceeded in dimensions 
those which occur in South America, and must have prodigiously dis- 
turbed and left its traces upon the incoherent matter which covered 
the city. • 

A few remarks may be made as to the probable temperature of the 
pulverulent mass at the time when it was first showered over the city. 
A notion very commonly to be found in the older Italian and other 
authors, and one which, indeed, has been adopted by both painters 
and novelists, has been that the dusty material as well as the heavy 
stones with which they erroneously assumed it to have been mixed, 
were at a very high temperature, if not red-hot, when they reached 
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the city. And Sir William Hamilton, in recording the eruption of 
1779, which showered many heavy and ignited masses over the town of 
Ottaiano, seems to imply that such may have been his view as to 
Pompei ; for, having described the setting on fire and destruction of 
several of the buildings of the town by these hot projectiles, he infers 
that, had the eruption been of long continuance, Ottaiano must have 
suffered the. fate of Pompei. That the material must have reached 
Pompei at a temperature a good deal above the atmosphere does not 
appear to admit of much doubt. The dust and lapilU driven forth 
from any active crater are, at the instant of ejection, at or but little 
below a red heat. Each individual small particle, if driven alone 
through many hundred feet of air, would, no doubt, be completely 
cooled. But the dust is driven forth as a cloud, so dense as to be ab- 
solutely opaque when its thickness is reduced to even a thickness of 
a few inches, as in the case of the dust rings already described. It is, 
moreover, pushed upwards by the head of an issuing column of super- 
heated steam, through which the particles begin their descent. As 
the outer surface of the dust-cloud bears at first but a small propor- 
tion to its volume, and as there is but little time occupied in the 
ascent, so it may be concluded that no very great cooling takes place 
until after the cloud has reached its highest elevation. The particles 
begin to descend through an atmosphere mingled with steam, portions 
of which are condensing into water ; and, bearing in mind that every 
pound of steam, without reference to its being superheated, evolves, in 
condensing, 966 units of heat, it is plain that the dust-cloud, while high 
up, is not losing heat only, but also receiving it. At what tempera- 
ture the dust-cloud may reach the earth we have not sufficient data to 
decide, and it will, in some degree, depend upon the total volume of 
the cloud, and the size of its particles ; but where a large proportion 
of these are as large as lapilli usually are, the rate of descent of the 
whole being measured very much by that of the larger particles 
which force the smaller before them, so the time of descent, and, 
therefore, the loss of heat during it, may often not be very great. I 
conclude, therefore, that the dust which covered Pompei may have 
landed upon the city at a temperature hot enough, probably, to scald 
animal muscle, but not hot enough to set fire to wood. One circum- 
stance noticed by me at Pompei may, perhaps, justify the conjecture 
that its temperature approached 250° or, perhaps, even 300® Fahren- 
heit. An old lead water-pipe, of the section and form shown in Plate 
X., figs. 5 and 6, had several feet of its length, from an extremity where 
it had been broken off, exposed to view, lying in situ, where it had 
been found embedded a few inches beneath the heavy pavement of 
trachyte which had formed the surface of the street, and which had 
been removed to get at the pipe. The pipe itself was of the oldest 
Roman form, produced by '* burning," as it is called, together with 
melted and strongly heated lead, the two edges of a long plate of lead 
brought to touch each other by turning the plate into the tubular 
shape shown. This pipe has a more than usual technical interest 
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attached to it from the circumstance that the joint by which the 
length of pipe thus formed was united with the next adjoining 
length, as at a, was not made by ** burning,*' which has been 
supposed the only method known to the Romans of uniting lead 
to lead, but is formed of solder, a white alloy of lead and tin, appa- 
rently such as is used by plumbers in modem days, the solder joint 
itself being what is called in that trade a ** wiped " joint. The lead 
of this pipe was soft and sectile, as I found by cutting it with a knife, 
but the section where it is broken across shows that the metal is crys- 
talline throughout, the long axes of the metallic crystals being every- 
where almost exactly at right angles to the contour or surfaces of the 
pipe. 

In some shallow, and nearly cylindrical, dyers' vats observed by 
me at no great distance from this pipe, the lead, which was of consi- 
derable thickness, was also crystallized in the same form. 

I^ow, it is well known to metallurgists that, while lead as cast into 
sheets or other forms shows but little trace of crystallization, this 
state may be induced very rapidly by heating the metal to a tempera- 
ture of about 300° Fahr., or to rather less than half-way towards its 
melting point. And if the temperature be maintained for a consider- 
able time, this molecular change takes place at a much lower tempe- 
rature, one probably not exceeding the boiling point of water. I 
conclude it as probable, therefore, that the dust which filled this 
street of Pompei fell at such a temperature as to have slowly trans- 
ferred enough of heat to the ground, to the depth of some twelve or 
fifteen inches, as to have induced this crystallization in the pipe be- 
neath the pavement, a not extravagant supposition if we remember 
that the mass, losing heat by conduction to the pavement, was many 
feet in depth. If this conclusion be admitted, it would seem to fix a 
superior and an inferior limit to the temperature of the mass which fell 
upon Pompei ; it was as hot as about the boiling point of water, and it 
was not hot enough to melt lead or to fire the wood- work with which 
it came in contact ; or, the temperature was somewhere between 200° 
and about 600° Fahr. 

I am bound to remark, however, that this train of evidence 
is not absolutely conclusive, for a water-pipe, quite the same in its 
mode of manufacture as that here described, exists in the museum of 
the city of Marseilles, which is crystallized, though not with the same 
fulness of development, and which, it is stated, was dug up from one 
of the most ancient parts of Marseilles, thought to have been the site 
of the ancient city of Pytheas and Euthymenes ; and there is no evi- 
dence that this pipe was ever exposed to a temperature higher than 
that of the atmosphere or the ground which covered it. The dyers' 
vats may possibly have owed their crystallization to the pouring into 
them of boiling liquids. It is, moreover, known that where gases or 
vapours are exhaled, capable of inceptive chemical combination with 
lead, crystallization is sometimes induced. Thus, some ancient lead 
coffins, which have been dug up from under cathedral's, have been 
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found more or less crystalline, the sheets of lead of which they were 
formed having been cast in times long anterior to the modem methods 
of making sheet lead by lamination. 

A few remarks remain to be made upon the circumstances which 
appear to have attended the entombment of Herculaneum, and which, 
though occurring during the same eruption, seem to have differed 
essentially from those which attended the overwhelming of Pompei. 
These circumstances, as respects Herculaneum, are much more difBicult 
tb decipher than those of Pompei — ^partly because so very small a 
portion of this buried city has ever been exposed to even imperfect 
view ; and partly because some of the most salient conclusions as 
to the nature of its interment have long remained stamped with 
the authority of Sir W. Hamilton, and his dicta repeated almost 
without question from author to author are undoubtedly wrong. These 
having been applied by later authorities,, and in very opposite ways^ to 
their interpretation in part of the conditions in which the celebrated 
papyrus rolls of Greek and Latin MSS» were here found, have issued 
in still further confusion. That Herculaneum was not overwhelmed 
by successive heavy clouds of volcanic dust projected and then carried 
by the wind, may be said to be certain, if we admit what has preceded 
with reference to Pompei ; for, as Herculaneum bears from the crater 
of Yesuvius W. 13° S., distant about five miles, or in direction ap- 
proximately orthogonal to that of the wind which carried the dust over 
Pompei, it is clear that, had clouds of discrete material been ejected at 
this southern side of the mountain, they must have been swept away 
towards the eastward, and deposited somewhere in that direction. 
There is great difficulty in examining with accuracy, and upon a suffi-: 
ciently large scale, the mineral or lithological nature of the material, 
the lowermost strata of which have actually covered Herculaneum. 
It is both difficult and dangerous to thread the labyrinth of dark sub- 
terranean passages encumbered by buttresses supporting the ground 
above, which offer the only narrow field for observation. The exca- 
vated surfaces are very generally soiled or smoky, and in some cases 
glistening with percolating water ; and the gloomy glimmer of candlesv 
or smoking torches renders observation extremely difficult. In 1864 I 
made as careful an examination, accompanied by my friend Professor 
Guiscardi, of the University of ^Naples, as these circumstances per- 
mitted, and the conclusion to which I was led was that the covering 
material was a volcanic conglomerate, consisting of various-sized frag- 
ments of volcanic material, pummice being largely interspersed with 
much more of comminuted matter having much the character of many 
of the tufa beds which are found intercalated in those forming the 
escarpment of Somma. In many instances the filling material has 
with great exactness adapted itself to the surfaces of the cavities it 
reached, but in others the filling seemed less perfect, and as if but 
little pressure of a hydrostatic character had forced it on. In what 
state was this material when first it reached the city is a question 
which it appears to nre will need further researches, only possible by 
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the laying bare of larger portions of the buried niins. That the 
favourite hypothesis of Sir Wm. Hamilton, adopted in an unquestion- 
ing manner by so many since, namely, that the covering conglomerate, 
whether issuing from the central crater or from a mouth opened on the 
Bouth-westem slope of the mountain, was ejected along with vast 
volumes of water, and already reduced to the state of liquid mud, in 
which condition it flowed down the flank of the mountain, and ran as 
a fluid into all the streets and open places of the city, appears devoid 
of any real basis. As has been already said, no such belchings forth 
of mud and water have ever been known in the two great European 
volcanoes ; and Monte Nuovo, near Naples, which was thrown up in a 
few hours and with great violence, and which has been adduced as 
presenting some of the phenomena of mud eruption, seems to me 
wholly devoid of any such appearances, all the ejecta forming its cone 
appearing to have been violently shot forth as discrete material and at 
a high temperature. The fact upon which Sir Wm. Hamilton seems 
to have placed most reliance in support of his hypothesis of mud 
illiwiones was that a perfect cast or mould was observed by him to 
have been formed by the filling material against the surfaces of an 
architectural stone' mask fonning part of the decorations of the pro- 
scenium of the theatre, but there is no force whatever in this supposed 
example. Such casts, even from the human body, were found at 
Pompei, where the dry dust subsequent to its deposition had become 
damped or wetted by infiltrated moisture. The cast from the mask 
referred to by Sir "Wm. Hamilton would have been equally perfect if 
produced by dry powder of volcanic origin deposited upon it, and 
subsequently indurated by the infiltration of water with or without 
mineral matter in solution. Some objections, however, which have 
been urged against the physical possibilities of these mud currents 
appear to me to possess but little force. It has been urged that such 
mud streams, which must have been at least as hot as boiling water 
when first emitted, must have rapidly stiffened, and ceased to flow with 
anything like the liquidity with which their having reached Hercu- 
laneum, and other conditions of the cases, necessarily involve. If the 
material, however, when emitted, were of tolerably liquid mud, from 
the vastness of its mass and from the rapid slope of the mountain, it 
would have reached Herculaneum long before any considerable dimi- 
nution of its plasticity or of its temperature could have taken place. 
But might not the whole of the lower strata of material which covered 
Herculaneum in a.d. 79 — above which there is a vast depth of material 
said to present several distinct strata, and concluded with much pro- 
bability to have been sent forth, as undoubtedly the upper portions of it 
have been, within the eighteen hundred years subsequent to the burial 
of the city — have been ejected in a solid and more or less discontinuous 
state, and, rolling down the south-western flank, reached the city in the 
state of finely divided running material possessing that mutual repul- 
sion and intermobility of particles which is known to characterise all 
non-metallic powdering material at a tolerably high temperature, of 
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which hot sand is a familiar example ? The ancient cone of the vol- 
cana-suffered complete ablation in this emption. There is no impro- 
bability in supposing that immense fragments of its south-western side, 
probably occupying positions not far from the base of the modem cone 
indicated by the ** Plane," or abrupt change of slope still visible on 
this side of the mountain, may have been hurled over in a heated con- 
dition, and, rolling down the steep slope, and being continually com* 
minuted in their headlong course, have reached Herculaneum in a state 
sufficiently small, when pushed on by like material from above and 
behind, to have flowed into and filled the streets and buildings of the 
city. In Pliny's letter it is expressly recorded that "vast fragments 
rolled down from the mountain and obstructed all the shore." The 
buildings have been ascertained to have been chiefly of one storey in 
height, and flat-roofed like those of Pompei, and must have been readily 
broken down by the flood of material of a density much greater than 
that of the dust of Pompei. If this view be adopted it remains to be 
explained how the mass came to assume the coherent form of a vol- 
canic conglomerate which it now presents. This seems to present but 
little difficulty. 

I have elsewhere shown that materials closely toalogous to volcanic 
products, namely, the broken slags of iron smelting furnaces, when 
tipped into heaps of not many feet in depth, and exposed to ordinary 
rain and moisture, soon become a compact mass of conglomerate. In the 
present case the percolation of water, and the formation of stalactitic 
masses, which seem silicious as well as calcareous, at present found in 
many of the excavations, prove that the covering material, though 
now itself covered up and obstructed by seventy feet or more of other 
volcanic matter, is still percolated by water carrying more or less 
mineral matter along with it, though water alone acting upon the 
slightly deliquescent material which characterises most volcanic pro- 
ducts, aided by pressure and time, is quite sufficient to bring almost all 
volcanic ejecta into the lithological condition of a compact conglome- 
rate. The earlier explorers, especially those who, under the auspices 
of the British Government, at the commencement of this century, were 
charged with the unrolling of the papyrus MSS., formed, very unre- 
servedly, the conclusion from the state of these ancient sheets of 
vegetable matter, that they had all been exposed to a temperature 
sufficiently high to bum them into true charcoal, which seemed corro- 
borated by the wood book-cases in which they were enclosed having 
been reduced to the like state. They thence concluded that it was 
liquid lava that had entered the city and had set it on fire — ^a conclu- 
sion which, independent of the indisputable fact that the material 
excavated through, at the theatre for example, is not lava, and never 
flowed as that does, is hard to be reconciled with the preservation 
with comparatively little injury of the wall pictures, and of several 
other objects extracted from the ruins, and in the museum at Naples. 
Sir Humphrey Davy, whose great chemical and physical knowledge, 
and rapid and accurate powers of observation entitle his opinion to 
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great weight, when at a later period he came to maturely consider and 
experiment upon possible methods of unrolling the papyri, came to 
the conclusion that they had never been exposed to a temperature 
even approaching ignition, and that their state so much resembling 
that of dense vegetable charcoal, was the result of * eremacausis,* or 
slow oxidation duo to time, air, and moisture, and that thus the 
material of these rolls, however resembling charcoal to the eye, was, 
in fact, more analogous to that of very dense peat. Against this 
view, however, it was found by Dr. WoUaston, I believe, that no 
volatile or empyreumatic matter was evolved on submitting a fragment 
of the MSS. to dry or destructive distillation, and it was observed 
that when presented to an ignited taper, the material burned with a 
slow creeping combustion, but without any flame, precisely as does 
well-burned dense charcoal. And upon these results opinion began to 
revert to Sir William Hamilton's notions. Large pieces of timber 
have been found in various parts of the excavations which have 
been made, and notably in the interior of the theatre, which were 
perfectly black, and presented to the eye all the appearance of char- 
coal throughout. I was, myself, enabled to extract from their ma- 
trices or sockets in the volcanic material, dug through above the seats 
of the theatre, some large pieces as much as four and a-half . inches 
square, which had probably formed parts of the roof, which not only 
presented to the eye and to chemical examination all the characters of 
true charcoal, but also afforded one indication, which, I believe, is de- 
cisive in distinguishing that material from dense peat, or the result of 
eremacausis. If one piece of hard well-burned charcoal be rubbed 
against another, or indeed be rubbed by any hard body, a peculiar low 
gritting sound is emitted by the charcoal, which, when once atten- 
tively heard, can never be mistaken for any other sound. This sound 
was most distinctly emitted by the pieces of charcoal I have above re- 
ferred to, and I cannot avoid the conclusion that the timber- work of 
the theatre, of which these formed a part, was actually set on fire and 
burned. Bringing into connexion with those facts those mentioned in 
the letter of PHny the younger, that his uncle could not land in conse- 
quence of the hot material that fell upon his vessel, may not the fact 
have been that parts of Herculaneum were actually set on fire (as was 
Ottaiano at a much later period) by heavy flakes of material above the 
temperature of ignition, projected or rolled down over it, while other, 
and perhaps far larger, portions were merely encased in volcanic material 
and at a temperature not exceeding that of boiling water. Even that 
temperature would be sufficient greatly to increase the progress of 
slow combustion, or oxidation, which has caused the papyrus rolls so 
much to resemble true charcoal. 

The facts which we have at command relative to the destruction 
of Herculaneum are, however, far too meagre and incomplete to 
warrant anyone in forming any definite theory of its conditions ; and 
I by no means wi^h to present much more than negatives as tolerably 
certain with respect to it. The phenomena which appear to me 
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to rest upon a tolerably sure foundation with respect to Pompei and 
Stabiae, negative the possibility of Hercnlaneum having been over- 
whelmed by wind-carried dust, as does also the lithological character 
of the volcanic conglomerate with which it is actually covered. 

The long historical experience which we possess of the erup- 
tive phenomena of Yesuvius appear to militate conclusively 
against its having been entombed by illuviones of mud. The views of 
Sir Humphrey Davy are clearly against the notion that the covering 
material was in its general mass at a temperature even approaching 
that of ignition. On the other hand, we have a clear indication that 
the woodwork of the theatre, and probably of other buildings, was 
actually burned ; and we have the statement, though at second-hand, 
of Pliny the younger, who was not an eye-witness, that hot and black 
pieces of burning rock, and other igneous materials, fell upon his 
uncle's ships in increasing quantity as he approached the shore, his 
landing upon which they hindered. With the better attested example 
of the conflagration of Ottaiano before us, we cannot deny the plausi- 
bility of the view that Herculaneum, after having been set on fire, 
probably in many places, by heavy igneous projectiles, either from the 
crater or from lateral loccas, such as those which opened on the flank 
of the mountain in 1858, was overwhelmed by coarse but discon- 
tinuous dry material at no very high temperature, which, as it rolled 
down, broke up smaller, and finally streamed in upon the city, and 
soon smothered out any fires that may have been established in its 
buildings. 
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I. Introduction. 

Lough Neagh is a large body of fresh water, which forms a lake of 
considerable dimensions in the eastern part of the province of Ulster. 
It is situated between, and includes portions of, the counties Deny, 
Antrim, Down, Armagh, and Tyrone. Its greatest length is 19 miles, 
including a small lake at the north-west comer — Lough Beg, the 
Little Lake — about 4 miles long, and only 1 J wide, now only con- 
nected by a narrow strait with the larger lake, which averages from 
10 to 12 miles in breadth, and in shape is nearly a parallelogram. It is, 
therefore, very much larger than any other lake in the United King- 
dom, its area being at least 150 square miles ; and it can even bear 
comparison with some of the most important European lakes, in size 
at least, if not in picturesque appearance. It is rather shallow, how- 
ever, the general depth varying from 20 to 50 feet, gradually in- 
creasing towards the northern shore, which becomes suddenly very 
steep, forming a ** deep " reaching in one place to 102 feet. 

The line of its greatest length lies in a direction about N. 15° W. 
and S. 15° E. Now, this agrees very fairly with that of the principal 
ice-flow, which has glaciated and marked the surface of other parts of 
Ireland ; and although over the greater portion of the country sur- 
rounding the Lough, little or no striation has been observed, yet there 
is the evidence of transported blocks, as well as the general shape of 
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the drift-mounds, that here the ice took that course also ;* so that 
the coincidence between the lines of ice-flow and the longest diameter 
of the Lake might naturally lead one to the inference that the Lake 
was originally formed by the action of the moving ice. But that 
this is not so, I hope to be able to prove in the following com- 
munication : for it can without difficulty be shown that it existed 
long before the great Glacial Epoch, and that its age can be approxi- 
mately fixed between the end of the Miocene, and before the 
Post-Pliocene period. 

II. Sketch of the Geology and Physical Geography of the District. 

It will be necessary to glance at the general geology of the 
neighbourhood; but detailed accounts have been published by the 
following writers : — Sir R. Griffith, Bart. ;t General Portlock ;{ Sir 
R. I. Murchison, Bart. ;§ Dr. Berger and Rev. W. Conybeare;|| Pro- 
fessor Harkness ;^ Professor W. King ;** Mr. John Kelly ;f f Dr. 
Scouler.JJ It will, therefore, be only necessary to refer to the large 
divisions. 

The Lough itself lies 48 feet above the sea level : in its immediate 
neighbourhood, and surrounding it on the east, west, and north sides, is 
the Miocene basalt. This stretches away in all these directions, rising 
as it goes, until it at length reaches some considerable altitudes. The 
chief of these, proceeding round from the east, by north, to west, 
are: Divis, 1567, Agnew's Hill, 1558, Slemish, 1457, Slieve-na-nee, 
1782 feet; with others of minor elevation on the east. On the north 



* The only reliable ice-striae observed by me in this district were — Rousky, 
near Stewartstown, on limestone, S. 10 E. ; Brackagh, Slieve Grallion, metamorphic 
rock, N, and S. 

t Geological and Mining Surveys of the Coal Districts of Tyrone and Antrim 
(1829) ; Notes Explanatory of the Subdivision of the Carboniferous System, 
" Dub. Geol. Soc. Jour.," vol. vii. ; Notices on the Geology of Ireland, "22nd 
Rep. Brit. Assoc. ;" Notice of an Additional Permian Locality in the County of 
Tyrone, " Dub. Geol. Soc. Jour.," vol. viii. :• and many other works. 

t Report on the Geology of Londonderry, . and of parts of Tyrone and Ferma- 
nagh. 

§ On the Recent Discovery of Fossil Fishes {Falaoniscus CatoptertMt) in the New 
Red Sandstone of Tyrone, " Proceed. Geol. Soc. Lond.," vol. ii. (1836) : also. The 
Permian System, as applied to Germany, &c., " 13th Rep. Brit. Assoc." 

II On me Geological Features of the North-Eastem Counties of Ireland : 
" Trans. Geol. Soc. Lond.," 1st series, vol. i. 

IT On the Homblendic Greenstones, and their Relation to the Metamorphic and 
Silurian Rocks of the County Tyrone, " 33rd Rep. Brit. Assoc." 

** On the Occurrence of Permian Magnesian Limestone at Tullyconnel, near 
Artrea : " Dub. Geol. Soc. Jour.," vol. vii. 

ft On the Subdivision of the Carboniferous Formation of Ireland : " Dub. Geol. 
Soc. Jour.," vol. vii. 

Jt Observations on the Lignites and Silicified "Woods of Lough Neagh: "Dub. 
Geol. Soc. Jour.," vol. i. 

J0T7SN. E. G. 8. I. — ^VOL. IV., N. S. P 
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the ground is comparatively low, forming a narrow depression along 
the course of the Lower Bann to the sea, the highest point being about 
700 feet, some distance south of Ballymoney. On the north-west and 
west, the basaltic ground rises again to the following heights: — 
Benyevenagh, 1260 ; Keady, 1101 ; Donald's Hill, 1378 ; Benbradagh, 
1531 ; Camtogher, 1527 ; Corick, 1527 ; and Craig-na-shoke, 1996 
(both on a large outlier to west) ; and, finally, Slieve Gallion Cam, 
1 625, another outlier, south-east of the last. 

On the southern shore of the Lake, overlying the basalt (which 
there is very low), and extending for some miles inland, is a thick and 
extensive deposit of plastic clays and sands, which I shall refer to 
more particularly presently. 

All around the basalt, on the side most remote from the Lough, the 
Mesozoic or Palaeozoic strata crop out; and the denudation of the 
softer of these rocks has given rise to a more or less well-marked 
escarpment of chalk or basalt. On the west side a very distinct 
escarpment of chalk extends from near Magherafelt southwards to the 
south-east of Stewartstown, where it, as well as the basalt, disappears 
under the clays above mentioned. Beneath the chalk, and stretching 
westward, are greensand, new red sandstone (Keuper and Bunter), 
Permian (a small patch), coal-measures (two small patches), preserved 
by a series of large faults — of which more anon — carboniferous lime- 
stone, and sandstone, and so-called old red sandstone, the true horizon 
of some of which is, I believe, not yet fully made out.* These 
all extend in an irregular sweep from Draperstown, on the north, 
to Armagh ; while south-east of Draperstown, and some miles west of 
the chalk escarpment, is a large mass of granite, with metamorphic 
rocks, schists, &c., probably of Silurian age, forming a long ridge 
called Slieve Gallion, on top of which is an outlier composed 
of basalt overlying chalk, and this superimposed on new red sand- 
stone. A similar outlier of chalk and basalt is found "N. N". W. of 
Draperstown — Craig-na-shoke. These outliers occur at heights of 
1625 and 1996 feet, respectively, over thin chalk. 

Crossing now to the east and south-east side of the Lough, a 
very similar disposition of strata is seen. The basalt and chalk 
emerging from under the clay beds not far from Portadown show 
an escarpment running round by Lurgan, Moira, White Mountain, 
A 820 ; Collin Glen, Black Mountain, A 1272, some three miles 
west of BeKast, and so on towards Carrickfergus. 

Retracing our steps southwards, we find the new red beds — 
capped in one or two places by a thin layer of the Rhaetic beds — 
cropping out from under the escarpment ; but not until we come 
round to the north of Armagh do they rest on anything higher than 
Silurian rocks. These form high ground to the south-east ; and in. 



* It is most probable that some of this will be found eventually to belong 
to the carboniferous sandstone. 
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the opinion of Professor Hull, T, E. S., and the late Messrs. W. B. 
Leonard and J. L. "Warren, this high ground is, partly at least, due 
to upheaval since the deposition of the Mesozoic strata.* 

Continuing round by Armagh, Benburb, Ballygawley and Pome- 
roy, we find the underlying carboniferous, together with the old red 
fsandstone (?) and Silurian rocks again, and finally end with the 
continuation of the metamorphic rocks of Slieve Gallion. 

In this circuit all the ground rises more or less rapidly, as 
the distance from Lough Neagh increases, with a remarkable excep- 
tion — which is, that immediately south of the Lake is found a line 
of low ground similar to that extending along the Lower Bann, and 
seeming to be the prolongation of that, taking much the same direc- 
tion ; the level being all under 250 feet. The line runs from the 
Upper Bann foot to Newry, and Carlingford Bay ; forming, from 
Portadown nearly, a great flat, along which the l^ewrj Navigation 
CJanal is brought.f 

The country, therefore, resembles a rude trough, widening out 
towards the centre, or imperfect basin, as is shown in the accompany- 
ing diagrammatic section, taken from Slieve Gallion on the N. "W"., to 
Belfast Lough on the S. E. (Plate XII., fig. 1). 

The district is drained by seven principal rivers, with their 
tributaries. The most important are these : — The IJpper Bann, 
Blackwater, Ballinderry River, Moyola, and Mainwater, all flowing into 
the Lough. The outgoing river is the Lower Bann, which flows 
from the north-west comer through Lough Beg, falling into the sea a 
little below Coleraine. 

Of the former, the most ancient appear to be the Upper Bann, and 
the Blackwater, entering the Lough within a few miles of each 
other, and draining the country to the south, south-east, and south- 
west. A very thick deposit of clays extends across a wide area 
around the mouths of these rivers, in such a manner as to lead to 
the conclusion that we have there the ancient delta of one or both of 
them ; or at least of a river which formerly found its way into 
the Lough at some point along the southern shore. Por there 
is nothing like this great clay deposit to be seen in a similar position 
with regard to the other rivers excepting a small delta at the mouth 
of the Moyola, of trifling extent and thickness, and which is undoubtedly 
of much more recent date, for it seems to be above the drift, whereas the 
former lies underneath this. It has silted up the part which divides 
Lough Neagh from Lough Beg ; but, although the Moyola is now 



* Ex Mem. Sheet 36 : " Geol. Sur. Ireland," p. 11. 

1 1, at one time, thought that this norlJi and south valley of depression 
mip:ht have some connexion with a large fault running in the same direction in the 
noij?hboiu-hood of Newiy. But this, I am informed by Professor Hull, is of much 
earlier date than the Miocene period, and there is certainly no trace of it to be seen 
near the Lake. 
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an important working stream, committing a good deal of ha roe 
among the rocks of a large district, its delta coyers an area of, at most, 
12 square miles, while that around the mouths of the Bann and 
Blackwater cannot occupy a surface of much less than 180 square 
miles; so that if the whole Lake were now drained, there would 
be exposed a Tertiary formation, of no mean dimensions, in this part of 
Ireland. I now propose to describe these clay beds. 



III. Description of the Lough Neagh Clay Beds and Lignites, and their 

Stratigraphical Position. 

The country around Lough Neagh is thickly covered with drift — 
often to a depth of more than 50 feet — consisting of boulder clay, 
sand, and gravel. Underneath this, on the northern half, comes- 
the well-known basalt; but on the south, newer beds of lacus- 
trine origin are seen. These beds are very thick, are continuous 
round the southern margin, and extend inland for a distance of 
from four to five miles, but die away near the centre points at both 
sides of the Lough, viz., at the mouth of the Ballinderry Birer, 
county Deny, on the west ; and near Sandy Bay, county An- 
trim, on the east. They are composed of various stratifi^ and 
laminated clays — white, grey, and bluish or purplish (generally 
slightly sandy, but often fine enough to be used in the manufacture 
of coarse pottery) — ^together with beds of sand, " ironsand" (?), concre- 
tionary hard grey sandstones, iron pyrites — sometimes in considerable 
quantities — occasional beds of lignite, and hard siliceous clay-iron- 
stone nodules. In these last, and in the sandstones, rced-like plants 
of a rather recent aspect, in some cases retaining the woody tissue ; and 
in the clays numerous fragments of black wood, apparently oak and 
pine, are obtained ;* but up to this no trace of a fauna has been 
discovered.! The order in which the different beds of clay, &c., alter- 
nate has never been accurately ascertained ; for no continuous section 
is to be seen, and in few instances has a greater depth than 20 or 25 
feet been pierced through — with two exceptions, to be mentioned pre- 
sently. It has so happened that in each of the places where the clay 
has been raised for pottery manufacture, a constant quality has been 
got for the above thickness, although in pits a few fields away it 
is found of a different colour and appearance. The beds lie nearly 



* By Mr. W. H. Baily and myself. Near some clay-pits at Sandy Bay similar 
nodules, containing leaves of dicotyledonous plants were also found by Mr. M* Henry ; 
but it is difficult to say if they came from these clays. Mr. Baily informs 
me they appear to belong to the following genera .* — Sequoia Couttsia (3), Alnus^ 
Quereus, Fctgus, Salix. 

t Since this paper was sent in for publication shells have been obtained from one 
locality. (See Appendix.) 
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liorizontally, with a very slight dip towards the Lake, the angle not 
exceeding at the most 1 in 20, or 3° ; rarely more than 2°. 

If we were to attempt to calculate the thickness of these deposits, 
irom the amount of dip and their extent in the line of it, I fear 
we should be led to over-estimate it, as even the small dip of 2° 
would give a thickness of 1200 feet at the southern shore of the 
Lough. This seems to be excessive, when it is seen that the northern 
l)art of the Lough is but 100 feet deep at most, where these clays have 
not extended ; but I think, considering the large area they occupy, and 
the former southern expansion of the Lake, they cannot be under 500 
feet thick in some places. 

In only two localities have they been pierced to any considerable 
depth. These are referred to by Sir Kichard Griffith.* In one of 
them, in the townland of Annaghmore, close to the hamlet of that 
name in the parish of Clonoe, two miles S. E. of Coalisland, borings 
were made for 294 feet, which were said to have gone through 
nothing but these clays, the underlying new red sandstone not being 
reached. This is likely, as the bright red shales and clays of that 
formation are well known to the miners of the neighbourhood, under the 
name of '* red shivers, "f and could hardly be confounded with these 
grey and blue beds ; but at least 30 feet of drift must be allowed for, 
which reduces the depth to 264 feet. This seems probable, for, taking 
the dip at 2°, the thickness here would be theoretically 250 feet. 

Another boring was made on the Lough shore at Sandy Bay, 
^county Antrim, the details being as follows : J — 

Section I. — Boring at Sandy Bay, 

Feet. Inches. 

Blue clay 10 

Black lignite mixed with clay, ... 25 

Clay, 2 6 

Black lignite, 20 5 

Clay, 4 

Black lignite, 15 

76 6 



The thickness of the lignite beds here is remarkable. Could 
it be possible that the borers inadvertently substituted the clay for the 
lignite, and vice versa, in their Journal ? In the vicinity of this trial 



* ** Second Report of Railway Commissioners," p. 22 ; also PortlocFs " Report," 
^c, p. 167. These boiings were made in search of coal, 
t Probably from the German Schiefer, 
X Loc, cit. 
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one bed of lignite was observed by me. It occurs under a bank of 
thin boulder clay. 

Sectioit II. — Section seen at Sandy Bay, 

Feet. Inches. 

Boulder clay, 6 

Black imperfect lignite, 1 

Grey plastic clay just seen. 

7 



Several old clay pits are to be seen about here in which lignite- 
has been obtained. They are shallow, and the lignite has rarely 
exceeded a foot thick. It has occasionally been used as fuel. My 
informant, an old man living close by, said that the '* black wood*' 
and grey clay had also been got at Sandy Bay Point, about half 
a mile to the south, but never thick. I think, therefore, that the 
above section of Sir Richard Griffith's must be incorrect in details ; 
but it is valuable, as showing the thickness of the whole deposit at 
this place. 

It is indeed unfortunate that the drift prevents a perfect under- 
standing of the thickness and nature of these beds. All the data 
there are to go on, being for the greater part derived from the 
pits which have been sunk from time to time in search of the kind 
of clay that is adapted for the local pottery manufacture, must 
necessarily be somewhat imperfect. At the same time it has been 
quite possible to arrive at an approximate determination of their 
extent in area, and a true one of their order of superposition 
in relation to the other formations which are met with in the 
district. 

I shall, therefore, mention some of the more important localities 
and sections which have come under my own observation, while 
engaged on the work of the Geological Survey, the country in- 
cluded comprising the greater part of that lying under this for- 
mation; the exception being a small portion to the south-east, 
surveyed by my colleague, Mr. F. "W. Egan.* 

Commencing on the north-west, on the opposite side to Sandy Bay,, 
at the mouth of the Ballinderry River, townland of Mullan, the fol- 
lowing is reported by Portlock :f — 

Section III. — On Ballinderry River, 

Feet. Inches. 
3. Alternate layers of sand and imperfect lignite, 

in fragments, \" to 4" thick, 6 

2. Bluish stiff clay, ) rn, • i j. • 

1 -c'. 1 i. n • v li. I Thickness not given. 

1. JFinely crystallme basalt, j ° 

* See Ex. Mem., Sheet 47, " Geo!. Sur. Jr.," p. 49. 
t " Geological Keport," &c., p. 161. 
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This is an important section, as showing the relation of the basalt 
and clays to one another. 

Three miles south of this, at Lurgyroe, near Kiltagh Point, white 
clay was formerly raised. Still proceeding southward, a great expanse 
of bog and drift is crossed, and no clays are seen until we reach 
the neighbourhood of Mount joy Castle. A short distance under this, 
on the edge of the Lough, are some pits in white clay, which was 
found to be of excellent quality for pottery, and was worked for a 
while but the undertaking was afterwards abandoned. 

The section as given by the tenant of the ground is — 

Section IV. — Townland of Magheralamfield. 

Feet. Inches. 

Drift, gravel, 2 

Fine white, tough, soft, potter's clay, 

at least, 15 



17 



The top of the clay was visible. 

West of this point, about a mile and a-half, on the Duckingstool 
River, forming the boundary between the townlands of Aughiim- 
dcrg and Gortnaclogh, and close to. what was Bellville "Wood, three 
small trial pits were put down, in the belief that the light grey 
clays were coal-measure shales. They were sunk about 11 feet 
through light bluish-grey clays, fine, tough, and laminated, contain- 
ing irregular beds of iron-pyrites, sometimes in lumps weighing half 
a pound, together with pieces of coaly-looking matter (wood), and 
fragments of plants, all of which were to be seen in the spoil. No 
hard rock was met with. 

About 350 feet west of these, in a drain, hard fine-grained crys- 
talline amygdaloidal dolerite is found. And, although the actual 
junction is not seen, I think that, from the appearance of the ground, 
forming as it does a very gentle slope between the two, and with 
nothing like an escarpment — which would probably be to some 
extent visible were the hard rock uppermost — the conclusion is 
correct that the basalt underlies the clay formation. 

The clays here occur at a height of about 80 feet above the present 
level of the Lough, and 130 above sea level. 

Tracing the boundary towards Coalisland, we come to the Black 
Bridge, near which, in Demagh, parish of Clonoe, a trial was made 
for coal in the following strata : — 
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♦Section V. — Townland of jDernagh, 

Feet. Inches. 

Surface- Boil, &c., 1 

Brick clay, • • ( -n -ff ... 3 
Gravel and sand, ) ^^^^ ... 15 
Blue, red, and variously-coloured plastic 
clays, none white, containing occa- 
sional layers of black flint (?), 2" thick, 
ending in a rotten dark stuff **like 
manure" (probably lignite) : in all, .173 

192 



The layers of black flint mentioned by my informant are, I suspect, 
in reality, only nodules of clay-ironstone, which often occur in these 
clays. The description given of them did not correspond at all w ith. 
that of silicified wood, with the appearance of which moreover the 
man was quite familiar. No ** red shiver," or triassic rock, was 
found ; but I am inclined to think that some of the uppermost beds 
here must belong to the drift. However, even allowing a margin of 
say 20 feet for this, the section shows a remarkable thickness still, 
especially as the spot cannot be far from the boundary of the deposit. 

Passing over some pits and borings where the clays have been 
proved, in the. immediate neighbourhood of Coalisland, and 3^ mile, 
from the nearest edge of the Lough, we come to where they have 
been rather extensively worked for pottery manufacture ; viz., in the 
townlands of Creenagh, Annaghmore, Ballynakilly, and Drumenagh. 
Here they are best seen, therefore ; yet the information to be obtained 
is rather meagre, because no continuous section is to be found, and 
the workmen rarely sink deeper in them than from 10 to 12 feet 
in any one place. 

Kear the eastern comer of Creenagh, close to the Torrent River, 
is a pit in dark purplish and brownish grey laminated plastic clay, 
sometimes micaceous, full of fragments of black wood (? oak and 
a coniferous wood). The section is — 

Section YI. — In Creenagh, 

Feet. 

Coarse gravel (drift), 6 

Dark plastic clay, with wood, 12 seen. 

18 



* Obtained from the sinker, Mr. James Killen. 
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A little further east, the light grey and white variety is found, 
sometimes coming to the surface. It is first seen 600 feet from the 
above pits, and is visible at intervals for 600 more, at which point 
a pit went through 12 feet of it under 14 feet of drift. It doubtless 
comes above the darker clay, as there is a slight dip about 2° to 
the east, and the sections here must be somewhat as below : — 

Section VII. — ProhdbU relation of clof/ beds, Creenagh, 

Feet. 
4. Drift, boulder clay, on top gravel, ... 14 
3. Light grey and white potter's clay, some- 
times sandy and micaceous, with frag- 
ment of wood and plants, and clay-ironstone, 

about, 20 

*2. Thick, hard, grey, concretionary sand- 
stone, 1 

1. Dark laminated clay ; wood abundant, . 15 

50 



Half a mile further south, on the strike of the above white clay 
pit, same toWnland, is a pit giving the following section :f — 

Section VIII. — In Creenagh, 

Feet. 

3. Drift, I ^Q^i^jj. jjiay, !!!!!!! 10 

2. "White potter's clay, somewhat sandy and 
micaceous, with large hard clay-ironstones, 
altered and coated with brown hematite — 
and concretionary sandstones, 16 

1. Hard, grey, concretionary sandstone, irre- 
gular layer, 1 

39 



Tracing the beds further south, the next section of any import- 
ance occurs at Drumenagh, half a mile north-east of Elillyman church, 
and nearly five miles from the margin of Lough Neagh, at the nearest 
point. 



* This bed is found further south, on the strike, and may extend to here. (See 
below^ 

t I am indebted to Mr. Robert Byrne, owner of the Ballynakilly Pottery 
Works, for much information about the clays of this locality, cheerfully afforded. 
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Section IX. — At l>rumenagh Pottery,* 

Feet. Inches. 
6. Soil, sand, and drift clay, .... 12 
5. Blackish clay (?), boulder clay, . . 2 
4. Light grey, tough, somewhat sandy, 
plastic clay, with iron pyrites, and 
hard siliceous clay-ironstone nodules, 
altered to hematite on exterior, con- 
taining reed-like plants, 20 

3. Hard concretionary sandstone nodules, 
with plants — very troublesome to work- 
men — forming an irregular bed, about 4 
2. Light grey clay, occasional ironstone, 

with plant remains, 10 

1 . Irregular bed of lignite, or black wood, 
very sulphureous, has been burned as 
fuel, about 6 



44 10 



Bed 1 has not been positively identified as lignite. Some of the 
men describe it as being merely lumps of black wood scattered 
through the clay. However, it has already been mentioned (p. 176) 
that the same description was given of the undoubted lignite of Sandy 
Bay. 

The following pebbles occurred here in the white clay. They were 
in some parts abundant ; all were rounded, but small : — fBasaltf f f , 
chalk flintsf, quartzitef, red graniteff, homblendic gneiss ;t also iron 
pyrites in curious concretions, and in bunches of small crystals. 
Similar pebbles were found in all the other pits examined by me, but 
not always abundant. But it is to be remarked that in* no instance 
has any specimen of the celebrated silicified wood of Lough Neagh 
been found in them, although a good opportunity for its discovery lia& 
thus been afforded over an extensive area. 

The following section is extracted from the ** Journal of the Royal 
Geological Society of Ireland, "J as it proves the clays at their greatest 
distance from the shores of Lough Neagh — six miles. The section waa 
procured when sinking a well in Roxborough Demesne, close to the 



* Some of the clays are seen in the bed of a small stream flowing past 
the north end of the clay-y ard. 

t The number of crosses signifies the respective abundance of each. 

J On some Timber Found at a Considerable Depth from the Surface in thfr 
County of Tyrone. By William Murray, Esq., M. R. I. A. " Jour. Roy. Geol. Soc. 
It.," part iii., pt. 1, p. 76. 
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River Blackwater ; a large tree of black wood (coniferous), impreg- 
nated with iron pyrites, being found at a depth of 57^ feet. 

Section X. — At Roxhorough Demesne, 

strong sandy loam, ) j^^ ,^. 
Strong red clay, ) ^ ' 
"White pipe, or potter's clay, 
Light-coloured fine sand, 
Yellow clay, 



Possil tree, supposed in situ, at . . 

Yellow clay, 

Gravel, with a strong spring of water. 



Feet. 


Inches. 


16 





16 





12 





4 





9 


6 



57 6 
18 



75 



The author considers " the tree, &c., appears to be only a part of 
the similar deposits of lignite in that district." 

The above are the only sections penetrating any depth in the 
clays that have been obtainable; but in very numerous places 
they have been proved in well sinkings, and other artificial openings, 
records of which I have obtained, both close to the Lough, and 
for a distance inland, showing them to form a continuous deposit all 
around its southern margin, from Ballinderry River on the west 
to Sandy Bay on the east. But as these do not further add to our 
knowledge of the formation, it would but prove tedious to mention 
them in detail : suffice it to say, that the white clay appeared to be 
the most abundant; lignite was but seldom met with, and then in 
thin irregular beds;* and silicified wood (so-called) was only obtained 
once in these clays, and under circumstances that I do not think prove 
it to have been in situ ; nor, in fact, do the specimens recorded appear 
to be the true silicified wood at all. 

Silicified Wood, — These specimens were got near Sandy Bay, at 
Ahaness, by Barton, f forming part of ** a stratum of black wood, four 
in thickness, which reposes on another stratum of clay." It is " of 
one uniform mass," and ** capable of being cut with a spade." Some- 
times the wood will not easily break ; in that case it requires the aid 
of some other tool to separate it from the mass; and may, *4f properly 



* Some shallow pits were formerly sunk at Washing Bay, north of Maghery, on 
some thin beds of lignite, but they were soon abandoned, the fuel not being of good 
quality. 

t Lectures on the Natural History of Lough Neagh (1767), quoted by Dr. 
Scouler, Observations on the Lignites and Silicified Woods of Lough Neagh; and 
after him by Portlock, *' Geol. Report," p. 76. 
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done, ajfford a block of two, three, or four hundred pounds, which, 
being carefully examined, is found to consist more or less* of stone." 

The true wood, or what is generally known as the silicified wood 
of Lough Neagh, is usually nearly or entirely white, although some 
specimens are of a dark brownish colour, the greatest amount of 
organic matter found in it being not more than 20 per cent. ;t and, ac- 
cording to Bischof , but 1 per cent. It is perfectly hard, and it would 
be a matter of some difficulty, I fancy, to cut it with a spade ; nor do 
I believe it is merely the silicified lignite bleached white in the 
drift by atmospheric influence. J Moreover, we are only told that 
the above specimens consisted "more or less of stone," which is 
a very vague statement, considering the period at which it was 
penned, and would just as well be applied to pyritous wood, which is 
known also to occur in the clays (see p. 181), as silicified. I think, 
therefore, that on the whole the evidence is against the classification 
of these woods as a member of the clay and lignite formation. Nor 
should they be localised as Lough Neagh woods at all, having 
really no more to do with it than the accompanying pebbles of Derry 
and JDonegal rocks occurring in the boulder clay of the same district. 

One point against their co-extension with the lake lignites is the 
important fact, that they are found in the drift from six to nine 
miles north of the northern limit of the clay hecU, Dr. Scouler says that 
** the district in which the fossil wood is found extends from beyond 
Cranfield on the north, to the parish of Segoe in Armagh on the 
south ;"§ and Dr. Macloskie states specimens have been found " north- 
wards beyond Randalstown."|| 

Now, even supposing the clay beds to have formerly continued 
northwards to those localities — an extremely improbable circum- 
stance — it would be hardly possible for the fossil woods to occur in 
the glacial drift there now, seeing that these, as well as such vestiges 
of the clays as had escaped previous denudation, must have been 
carried southwards by the flow of ice. It is clear, therefore, that 
these specimens must have been brought from some more northerly 
situation, and it is most likely that they, in common with those 
found in drift to the south, had their original loctcs in the basalt^ 
itself; no doubt forming parts of the beds of lignite associated 
therewith, and certainly much more liable to silicification, by the perco- 



* Especially less^ it would appear from the above. 

t Dr. Hodges quoted, but from what publication not specified, by Rev. George 
Macloskie, M. A., LL. D., On the Silicified Wood of Lough Neagh, "Jour. Roy. 
Geol. Soc. Jr." (N. S.), vol. iii., pt. 3, p. 163. 

J Zoc. cit, 

§ Op. cit., p. 238. 

II Op. cit., p. 164. It is to be regretted, however, that the writer does not 
give his authorities for this and other statements, which it would seem relate 
to facts that have not come under his own observation. 

H The authoi-s of the above papers both incline to this view. 
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lation of water through the porous and easily decomposable basalt, 
than when imbedded in a nearly impervious bed of clay,* 

From what has now been said, the order of superposition of the 
basalt, clays, and drift will doubtless be considered sufficiently made 
out ; but it may be well to recapitulate the evidence on this head. 

(1). In at least one instance, a clay in every way similar in cha- 
racter to that observed at so many other localities has been found 
actually resting on the basalt.f 

(2). That where the basalt and clays have been found adjacent to 
each other, the form of the ground is such as to make it most un- 
likely that the basalt could be uppermost. 

(3). That pebbles of basalt frequently occur imbedded in the 
clays. (This has also been noticed at Glenavy by Dr. Scouler.) 

(4). The negative evidence, that, while numerous junctions of the 
chalk and basalt are visible over a very considerable area, no trace of 
such clays has ever been observed between them. 

(5). Lastly, the plant remains associated with them are of too 
recent an aspect to permit of the supposition that the clays could 
belong to a period antecedent to the chalk. The only place then left 
for them is that between the basalt and the drift. 

It might, perhaps, be thought unnecessary to enter so fully upon 
this part of the matter, as these clays have been already relegated by 
previous writers to the " Tertiary "J system, or " Miocene *'§ age. 
But, so far as I can learn, this has been partly by guess-work, and 
partly by reason of their similarity to the Bovey Tracey deposit of 
Devonshire.il No evidence has been given to back up these surmises. 
Much doubt seems to have existed in the minds of some of the writers 



• Garrulous old Isaak Walton does not neglect Lough Neagh in his long- 
winded account of the miraculous properties of certain waters. He says, quoting 
Camden, that " Lockmere in Ireland" in a few hours turns a rod or wand to 
stone. In a corrective note on this, Professor James Rennie, M. A., Professor of 
Zoology, King's Coll., Lond., one of his editors, and who has evidently but a poor 
opinion of Isaak's Natural History, says, " he means Lough Neagh, which 
certainly petrifies wood, but not in a few hours" (!) — The " Complete Angler :'* 
ed. 1833, p. 66. The first edition was published 1653, and it is interesting to find 
the reputation of the Lough celebrated before that time, and that the silicified wood 
was known at that early period. The same idea as to the silicifying or petrifying 
qualities of the waters of Lough Neagh is even at the present day very widely 
spread, and is a very good illustration of how myths arise from the misapplication 
of facte. It is stated as fact in Sullivan's ** Physical Geography " — a book much 
used in schools. Analyses of the water have been made by Bischof , and also by 
Professor Hodges, with a view to determining the question. As might have been 
expected, however, these analyses prove that the waters could possess no such 
quaUty, being really rather exceptionally deficient in mineral matter. 

t See Appendix for another. 

J Portlock's " Report on Londonderry," &c., p. 165 ; Griffith, " Report to 
accompany Geologiced Map," 1838; ibid, "Report of Brit. Assoc," 1852, p. 48. 

§ Prof. W. King, " Synoptical Table of Aqueous Rock Groups." 

II Griffith, loe. cit. 
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in question, and several geologists appear to have differed very seriously 
as to their true position. Portlock considers the " upper beds'* as pro- 
bably of later date than the nucula clays of Derry,* which are now 
known to belong to the drift. Grijfith'sf classification of them with 
the Bovey Tracey beds does not at all define their place in connexion 
with the basalt, although it is true in a section given with his 
map they are placed above it ; while Jukes, in his map of Ireland, 
colours them as pleistocene ; and my friend, Mr. G. H. Kinahan, sug- 
gests that they are a Pre-Glacial drift. J It thus becomes of importance 
to assign them a definite position relative both to the basalt and the 
drift, and to point out the reasons for doing so. 

I now propose to class these beds as Pliocene on the following 
grounds : — 

After the close of the basaltic outflow the whole country was, as I 
shall presently show, subjected to most violent effects of upheaval, or 
depression. The entire district became dislocated, and cut up in 
every direction by large faults, some of considerable magnitude. At 
the same time extensive denudation took place, removing in some 
parts as much as 1000 to 2000 feet of solid strata. This was followed 
by the deposition of the Lough Neagh clays. We have here, therefore, 
unconfoiTu ability, accompanied by evidence of an immense lapse of 
time, which alone would, I think, justify us in putting the clays and 
the basalt in different systems. Added to this, the plant remains 
have an exceedingly recent aspect, and lignite is often not far removed 
from peat. On the whole, indeed, the beds bear some resemblance 
to the older Pliocene of the Val d*Amo, Florence, as described by 
Lyell (Student's Elements of Geology, p. 184); and I am glad to 
be able to say, that both Professor Eamsay and Professor Hull consi- 
der the evidence as in favour of Pliocene, and approve of that classi- 
fication. 

The delta of the Moyola has been alluded to. This has silted up 
the space between Loughs Neagh and Beg, forming a large fiat called 
the Creagh ; and there is good reason to believe that at least the top 
beds of this — which are indeed the only ones that have been observed — 
are Post-Glacial. These consist of a few beds of blue clay and 
sand : the former containing erect stumps of oak, just as they occur 
in recent bog. They are now covered by thin bog. 

The following is, therefore, the order of superposition of the 
formation around the Lough : — 



* Portlock's " Report," &c., p. 165. 

t " Report of British Association," 1852, p. 48. 

{ On Glacialoid Drift : " Geological Magazine," decade ii., vol. i., p. 173. 
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f Presh-water shingle on west and 
-n 4. ) southern shores of Louffh. 

Eecent, • • • ) AUuvium. 

V Bog. 
Post-Glacial f Moyola clays and sand, with erect 

' * ( tree-stumps. 

Drift denosits \ ' ^PP^'^ ^oiilder clay (?), middle gra- 

^ ' * ( vels, lower boulder clay. 

PHocene ( ^^^^^ Neagh pottery clays, sand, 

' ' * * ( lignite, and clay-ironstone. 

Lower Miocene (?), { ^"Sed^^Jd?)"^ ^'^*' ^^^ '^" 
Eocene, .... Trachytic rocks of Tardree, &c. 
Cretaceous, . . . Upper chalk, with flintis. 

Former Level of the Lough. — This must have been at least equal 
to the highest point where these Pliocene beds are now found — that is, 
certainly 120 feet above the sea, where they have but a thin skin of 
drift over them. But at some points within their boundary, making 
a generous allowance for drift, these beds must lie at a height 
of 140 feet; the former number is, however, undoubtedly within 
the mark. As the level is now 48 feet only above sea level, it follows 
that the Lake must have been at one time 72 feet deeper than at pre- 
sent, or at least 175 feet at the deepest part. And if the land surround- 
ing it be contoured with a 120-foot line, its dimensions become very 
respectable indeed, being nearly twice its present size. But, in fact, 
this must be underrating it, both in depth and surface ; for the clays 
must have been largely denuded since their deposition. Of the amount 
«o removed there is, of course, no means of judging ; but it is possible 
that a great part of it was swept away during the advance of the Post- 
Pliocene ice-sheet across these very soft strata. There is a greater 
difficulty, however, as to the northern extent of the water, because we 
have no way of ascertaining positively how far the existing contours 
of that ground differ from those which it had when the level was as 
high as is shown by the southern boundary of the clays. But the 
northern shore may be, supposed to have been higher, because de- 
nudation is certain to have occurred by one means or other. The 
former northern shore would, therefore, be close to the present one, as 
the 120-foot line is not far inland at present; and the great expansion 
of the I^ake must have been southwards towards Armagh, while the 
great spread of the mud beds northwards shows that the whole Lake 
was in imminent danger of being silted up. 

It is worth while to point out that the greatest general depth of 
the Lake is found near the north shore, which becomes very steep, 
reaching to 30 feet quite close to it, and to 102 within a mile ; while 
the slope from the south end is very gradual, only 50 feet being gained 
in a distance of eight miles. The sudden deepening at the north nearly 
coincides with the direction and throw of two large faults detected 
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near Coagh, which form a deep trough in the strata, although, of 
course, not apparent on the surface now. 

IV. Time and Mode of Formation of Lough NeagK 

It will be apparent now, that the existence of the clay beds furnishes- 
us with some approximative chronological data as to the formation of the 
Lough; for it is clear that it must have been scooped out after the consoli^ 
dation of the basalt, and prior to the great age of ice, which is called 
emphatically the Glacid. period. The basalt is known to be- 
ef Lower Miocene age ; the clays must, therefore, be intermediate 
between that and the Post-Pliocene ; hence it is unliifely that ice 
could have anything to do with the digging out of the Lake basin. 
It is true that a trace of glacial action (so far as the trans- 
portation of large blocks) has been observed in the Miocene rocks 
of the Hill of Superga, near Turin ;* but this may be best, perhaps, 
attributed to a wandering iceberg, just as in the present day blocka 
may have dropped in the Atlantic, far from the influence of ice, and 
coiid hardly denote a general glacial era. And it must be remembered 
that we are not now dealing with a case which could have been created 
by a mere temporary glaciation, but one which has required a very great 
amount of denudation to produce it; for there can be no difficulty 
in proving that whatever physical agents gave rise to the present 
appearance of the whole surrounding countryf also caused the Lake, 
and vice versdj and this necessitated the removal of thousands of feet 
of rock over, at least, hundreds of square miles. An ice-sheet that 
would do this must have been of formidable dimensions, and would 
doubtless have left notable traces behind it — ^perhaps even an an- 
cient boulder clay— but there are none. It would be unwise, 
therefore, to ascribe the birth of our Lake to a state of things that 
was admittedly of uncertain, and, at any rate, of very circumscribed 
existence. 

A well-known writer on the ice question refers to the Lough 
Neagh district as a proof of the power of ice. J He considers that the 
superficial appearances are sufficient to show that it merely forms a part 
of one or more huge ice-striae, engraven during the last Glacial period, 
and denuded in peuii by the only other agent he has much faith in — 
the sea. But when we leave surface indications, and study the geology 
of the country, we find that it was shaped anterior to the Ice Age^ 
and chiefly by atmospheric denudation. 



* Lyell's " Principles of Geol.," 10th ed., vol. i., pp. 206-7. Mr. Moore in "Pre- 
Glacial Man;** also in " Jour. Roy. Geol. Soc. Jr.," vol. i. (N.S.), gives a diagram^ 
constructed from Mr. CroU's calciilations of the excentricity of the earth's orbit ; on& 
point of which he suggests may correspond with the supposed Miocene ice-reign. 

t With very slight after modifications. 

X Mr. J. F. Campbell, F. G. S., On the Glaciation of Ireland : " Quart. Jour* 
Geol. Soc. Lond.,'* May, 1873. 
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The Lake existed before the Glacial period : the Lake is still there 
(hardly even altered in shape) ; proving incontestably, to my mind, 
that the amount of ice- work has been insignificant indeed. 

It must be clearly understood, however, that I have no intention of 
taking exception to the celebrated theory of the Glacial origin of 
many lakes, as to which there can be no question whatever ; but it 
thus becomes a matter of greater interest to find a well-proven excep- 
tional instance, like the present. And what adds to the importance of 
this case is, that it presents the phenomenon which Professor Eamsay 
had shown to be one of the ** rarest things in nature," namely, a lake the 
strata surrounding which all dip inwards, so as to form a kind of bowl. 

In his excellent paper on the Glaciation of the southern part of 
the Lake district, Mr. J. Clifton Ward, F. G. S., says:* " I do not 
think any case can be pointed to, in which a lake hollow has been 
directly formed at a certain spot, because of the presence of particular 
geological features at that spot." Such cases must be rare, and at 
any rate most difficult to prove. But, as will be seen further on, 
Lough Neagh can be shown to be one of these unusual instances ; and 
from the remarkable geological structure of the district, there are 
exceptional facilities for the proof thereof. 

Rejecting then ice as the originator of the Lake basin, let us turn to 
water (and atmospheric influences generally). With regard to this 
denuding agent, there is one satisfactory matter, and that is, we have 
not to search for doubtful traces in isolated localities, because we know 
that it has been ever present ; and not intermittently, but through all 
time constantly at work. Yet it will not undertake a task such 
as the production of a great water-basin, unless certain conditions are 
favourable ; and the most important of these is the determination by 
the natural features of a country as to the direction in which it shall 
run ; and the circumstances must be such as to ensure the final 
carrying away of the materials abstracted during its flow over a given 
area. There would be little chance of a hollow being denuded 
in a great table-land of basalt, when all around it there must have 
been soft strata, easily broken up, such as the new red sandstone, and 
coal-measures, with others so susceptible of chemical influence as 
the chalk and carboniferous limestone. However, nature herself 
supplied the necessary condition, and by means of a series of great 
faults, the first rude form was given to the ground, which, having its 
comers and asperities afterwards removed by the powerful infiuences 
of "rain and rivers," frost, and "weathering" in general, resulted 
in a capacious reservoir, receiving the drainage of a very large area. 

My theory of the formation of this Lough is shortly this : — After 
the basaltic flow had entirely ceased, no doubt after a considerable 
lapse of time, subsidences over a large area took place. These de- 



* " Q^ar. Jour. Geol. See," May, 1875, p. 163. 

JOTJBN. R. G. S. I. — VOL. IV., N. S. 
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pressions corresponded with certain lines of parallel and transverse 
faults of large dimensions, which can be proved to extend across the 
ground comprising the plain and bed of Lough ITeagh ; and at the 
time of their occurrence must have given to the face of the country a 
rudely depressed shape, consisting of a series of steps to the north, 
north-west, and south, thus determining the chief flow of water into 
the hollow centre, so as gradually to carve out something like the 
features that this part of Ireland now presents to us. The egress of 
the water was provided towards the east, along what is now the 
valley of the Lagan, which there can be little doubt had its birth 
about the same period as Lough Neagh. Eventually, a greater amount 
of depression at the centre of the faults crossing the Lough gave a 
lateral upheaval on the east as well as the west, giving the flmshing 
touch to the basin depression, and causing an inflow from all sides. 
The outflow may possibly have now commenced to take its way along 
the great valley of depression which it at present occupies. In the 
course of time, large rivers draining the high ground to the southward 
carried down immense quantities of detritus into the water-filled 
hollow, and spread it into a great delta : silting up indeed a large 
portion of the Lake. It is possible that some depression of the country 
to the north now ensued, draining the Lake to some extent; for, near 
Belfast, a clay deposit has been found containing nucula ohlongay &c.,* 
which is referred to newer Pliocene age.f It is unnecessary to trace 
the history of the Lough past this point, because from that time 
until the present day I believe the physicd. geography of the district 
has remained essentially the same.J 

It may be objected that the form of the country around. Lough 
Neagh mi<>:ht with as much reason be ascribed to Pre-Miocene move- 
ments, for tliat it is nothing more than the great basin of the chalk 
and other secondary formations, covered by a skin of basalt, the flow 
of which adapted itself to the previous contour of the ground ; but 
I think there is more than one argument to be adduced to the con- 
trary. 

1. In the case of a great outpouring of molten basalt over a large 
basin-shaped receiver, the ultimate surface would be more or less 
flat, no matter what the extent of the flow, or thickness of the deposit. 
This would subsequently have to be denuded away at the centre or 
thickest part; and, unless there were some particular conditions to 



* Mr. J. McAdam, "Report Brit. Assoc," 1862, p. 63; also Porilock's "Report 
on Londonderry," &c., p. 738 (Appendix). 

t Ex Memoir, ** Sheet 36, Mems. Geol. Survey of Ireland." 
X No doubt the face of the country has been slightly modified by the action of 
ice during the Glacial period, and it is possible that our Lake was then partly 
remodelled ; but the alteration must have been very insignificant, seeing that tihe 
new Lough bears the same general relation to the surrounding hills, &c., that the 
old one did. 
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-determine the denuding agents to this point, there would be a vast 
majority of chances against such a coincidence as a recurring basin. 
The most likely thing to happen would be the denudation of the 
-edges of the basaltic cake first, and then the soft strata underneath, 
•eventually leaving a mountain where there had been a depression 
before. 

Section 1, Plate XTI., shows the present shape of the ground, which 
is entirely detrimental to the ** chalk basin " hypothesis ; for to get the 
l)asalt up to the elevated points at each end, the whole centre must 
have been filled by at least 1600 feet of basalt, supposing that it was 
never thicker at the extremities of the section than it is now ; and it 
is in the highest degree improbable that this great thickness would be 
Bwept away by the unassisted power of denudation, while the thin 
parts, as well as the surrounding and underlying soft strata, should be 
left. On the contrary, we find several isolated hills here still, in con- 
sequence of being covered by a protecting cap of basalt. 

2. The subjacent chalk is to aU intents and purposes of nearly 
equal thickness throughout; thinning very gradually from east to 
west. Had it been thrown into its present position previous to the 
basaltic outflow, we should expect to find it of unequal thickness here 
and there, from the effects of atmospheric denudation ; we should find 
old ravines and river courses in it, and old escarpments, covered by 
the basalt ; instead of seeing, as we really do, that the chalk and basalt 
escarpments are one. The whole points to but one conclusion : the 
chalk formed a great plain of marine denudation, cut away while rising 
from beneath the ocean ; on this the basalt was deposited, and the 
two together were afterwards thrown into the form they now 
occupy. 

3. Lastly. It can be clearly shown that all the most important 
faults that traverse the district are (in part at least, and this part 
of considerable magnitude) of post-basaltic date. And as these have 
had a very large share in the moulding of the existing features of the 
country, it will, I think, be allowed that a similar appearance could 
hardly have prevailed beforehand. 

On all these grounds, I hold that the chalk basin is itself the result 
of post-basaltic forces. 

Y. — Present and Former Flow of the Principal Feeders of the Lake 
approximately the same, — The present Watersheds therefore of Pre- 
Glacial origin. 

It has been shown that the rivers which seem to be most inti- 
mately connected with the Lake delta are the Blackwater and the 
Upper Bann ; but it is difficult to prove the existence of either of 
them in their present course at the early period when the clays 
were deposited. However, there is no manner of doubt that the mate- 
rials of the delta were brought from the southwards, and I am 
inclined to think that it is to a river flowing in nearly the same 

q2 
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course as that now occupied by the Bann that the most of this 
matter is to be attributed — for this reason : — The clays are highly 
siliceous and aluminous, but non-calcareous ; wherever they have been 
proved, no calcareous bed has been discovered. Now, the Blackwater 
traverses for a great part of its course a limestone country, and 
would, therefore, deposit much calcareous matter,* either from solu- 
tion on evaporation of carbonic acid, or as undissolved calcareous mud. 
On the other hand, the Bann, rising in the Moumc Mountains, and 
flowing over granite, and Silurian grits and slates, from its birth travelled 
through highly siliceous and aluminous rocksf (beginning with th& 
basalt), with hardly a bed of limestone; and here we have all the ele* 
ments required for the preparation of clays such as form the delta, to- 
gether with their intervening beds of sand ; so that, on the whole, the 
evidence seems to incline this way. But all this must be a matter 
of some obscurity, and I can only see my way to its solution '' as> 
through a glass darkly ;" besides, I must confess that my knowledge 
of a great part of the country through which these rivers flow is too- 
imperfect to justify me in expressing more than a very speculative 
opinion. At any rate, the important point is clear as day, viz., the 
Fre-Glacial existence of the principal feeders of the Lough at the 
south, as at present, and necessarily a similar watershed ; thus show- 
ing a conservative state of things, which could not be if, as has- 
been maintained, a mass of ice, with power to remove 2000 feet 
thickness of solid strata, had since the formation of the Lake passed 
across it. According to the more advanced school of glacialists, this- 
would have entirely remodelled the face of the country, cutting away 
hills altogether, or even scooping them into valleys — ** larger striae ; " 
but I trust it will be conceded that the ice-flow in this case has only 
followed the earlier contours of the ground — no doubt smoothing, 
polishing, and in some places breaking up and removing, parts of the 
rock ; but by no means having to do with the original carving out of 
the district. 

YI. Details oftheprohdble Mode of Formation of Lough, Neagh, 

During an examination of the coal districts of the county Ty- 
rone, I had certain facilities — ^information from miners, and others 
engaged in the collieries ; accounts of trial shafts, borings, and work- 
ings, &c., in the working out of the fault systems existing there, 
which otherwise, especially in such a drift-obscured country, must have 
remained a subject of great uncertainty ; and I think it is possible 
to show a very close connexion between these faults and the causation 
of the existing physical geography of the Lake basin. 



* A recent deposit of calcareous mud is found near its mouth, 
t This must be so, as the Tiiassic rocks rest directly on siluiian beds along 
the valley of the Lagan. 
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At the same time, it mnst be stated that any expectation of tracing 
these faults by inequalities of the ground or Lake margin would but 
result in disappointment. There is no apparent coincidence, except in 
■one instance, to be mentioned hereafter, which is indeed a very strong 
one ; and all that I stipulate for is, that they were the means of 
determining the flow of water into, and the removal of detritus out of, 
s. certain area, in the first instance. 

Fault No. 1. — The principal fault traversing this district is that 
which forms the north-western boundary of the Dungannon coal- 
field. It has been traced by me for almost 10 miles, from the 
western extremity of the coal-field to where it cuts the basalt, and 
from its great throw it is judged to extend a much greater distance. 
It is impossible to estimate the amount of its downthrow with any 
-degree of certainty ; but it brings down the coal-measures themselves 
at least 1900 feet thick, against the calp and lower limestone, so that 
I believe I am under the mark in setting down 2000 feet as a pro- 
bable figure. It is very possible that this, as well as other large faults 
in the district, may belong to two periods: a part of the down- 
throw taking place after the Triassic period, and a further subsidence 
occurring along that line of weakness after the basaltic outflow. But 
the shifting of the basalt shows that this last depression must have been 
very large. The direction of throw is south and south-east. 

It appears to decrease towards the south-west, where its traces 
are lost ; but following its general direction to the north-east, it 
should cross the margin of the Lake at Kiltagh Point, and if continued 
would join with the great Templepatrick fault on the east side of 
the Lake, which brings down the basalt against chalk and trachyte. 
The downthrow of this is to the same side (south-east), and, according 
to my former colleague, Mr. W. E. L'E. Duffin, has a magnitude of 
several hundred feet at least. It seems to me, therefore, that we have 
here one great fault, very deep near the Lough, and gradually dying 
away S. W. and N. E. If I bo right in this surmise, it has a length 
of over 50 miles, rivalling that one referred to by Professor Hull, 
E. R. S.,* extending from Colne, in Lancashire, to Leek, in Staffordshire 
— a distance of about 55 miles. 

Fault No. 2. — Parallel in direction to the former, and two miles 
north of it, is^ fault proved as the southern boundary of Annaghone 
•coal-field. A trial-pit on the south of it proved the new red sandstone 
for 100 yards. From other evidence, and especially the shifting of 
the chalk outcrop further to the east, I consider that there must be a 
•downthrow of not less than 1000 feet to the south. 

Fault No. 3. — Two miles north of the last is another large fault, 
which I have traced from Grange, south of Cookstown, where it 
brings the new red beds down against the Permian of Artrea to 



* The Physical Features of Torkshire and Lancashire, &c., ** Quart. Jour. 
<3leol. Soc. Lond." 
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Coagh, where the chalk and basalt are thrown down against the new 
red marls. The downthrow is to the north and north-west, and it» 
amount can hardly be less than 200 or 300 feet. 

Fault No. 4. — Further north, about a mile, and a little north of 
Coagh, there is a fault running in the same direction as the last, but 
with an opposite throw, i. e,, to the south. Judging from the distance 
to which the basalt is shifted back, the downthrow ought to be consi- 
derable ; but the traces of it are lost to east and west. If it continues 
to the east, as is possible, this, with the last fault, would form a trough 
passing very nearly in the position of the deep part of the Ijyagh close to- 
the northern shore. It is, therefore, worth while to point out this coin- 
cidence. 

As we go further northwards along the chalk escarpment, numerous- 
other Post- Miocene faults are observed, which doubtless all bore their 
parts in assisting the shaping of the country ; but there are no opportu- 
nities of tracing their continuations either way, or of determining the 
amount of throw. The whole district on this side of the Lake is^ 
however, cut up by post-basaltic faults, themselves of different ages, 
and even the basalt capping the summit of Slieve Gallion has appa- 
rently been brought down against the metamorphic rocks by a fault 
belonging to one of the latest sets. (See Section 1, Plate XII.) 

Along the northern shores of Lough Neagh the structure is neces- 
sarily obscure, since the basalt entirely covers the newer formations, 
and there is accordingly no means of ascertaining the amount of throw 
of faults, which without question exist there. It will, doubtless, be pos- 
sible hereafter to trace some of them by means of the ore beds lying in 
the basalt. 

On the north-east is the great fault at Templepatrick, already 
referred to as the supposed continuation of the coal-field boundary 
fault; while on the east, and continuing round towards the south 
along the chalk escarpment, extending along from Black ])Iountain to* 
Moira, very many faults occur, cutting through chalk and basalt, 
the general downthrow being to S. "W., or towards the Lough, and 
varying from 10 to 300 feet.* 

But on this side it is easy to prove that the upheaval into their 
present basin-shape of the rocks is actually of post-basaltic age. 
To illustrate this, let us trace the chalk escarpment from the 
Black Mountain A 1272 feet to near Lurgan, about 150 feet 
elevation — a distance of more than 18 miles from north-east to south- 
west. It will be found that, in all that distance, the chalk retains 
much the same thickness of from 50 to 100 feet, the differences being^ 
always gradual, and not abrupt. I^ow, had the chalk been elevated to 
its present position before the basalt "had covered it, it cannot but be- 
supposed that the most probable effect of subsequent denudation would 
be to remove the chalk irregularly. In some places it would be thick 
and massive, in others altogether absent ; and we should expect to 

* See Map. 
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find traces of old river-courses, and other marks of pre-basaltic subaereal 
degredation. But such evidences have, I believe, never been observed 
here, or in any other part of the chalk of Ireland ; and I therefore 
infer that the last denuding effects to which it was subject before the 
volcanic outflow was a general planing down to a tolerably flat sur- 
face, on which the basalt afterwards spread itself ; and that the tilting 
up occurred later, the central depression giving the chalk, as well 
as the basalt, the present basin-shaped dip. The same argument 
holds good with regard to every other part of the cretaceous district 
here. Wherever the chalk exists, no matter how elevated or de- 
pressed its position, there can be no doubt whatever but that this 
is due to movements which took place after, and not before, the 
period of volcanic disturbance. The extent, regularity, and, if I may 
so express it, conformability, to the basalt of the chalk over an 
immense area, prove this, and could not be accounted for by any 
other supposition. It is true the chalk thins out towards the west, 
becoming but 20 feet thick at Slieve Gallion Carn, and only 3 feet at 
Craig-na-shoke. But the attenuation is regular and gradual, not abrupt 
or variable, and is only what might be anticipated io a plain of 
marine denudation, but certainly is not indicative of the partial 
and capricious sculpturing of ** rain and rivers." 

The character of the basalt and chalk escarpment is seen to be 
similar on the south of the Lake, wherever it is uncovered by 
the ancient delta. But if there are any post-basaltic faults here, it 
is difficult to trace them. A probable one may, however, be pointed 
out. Near Dungannon there is a large fault, bringing down the upper 
portion of the carboniferous limestone, and helping to preserve the coal- 
field. It meets the great boundary fault, forming an angle with it, and 
the continuation of neither can be observed past the point where they 
should meet. Thus they might possibly be of the same age. The 
fault referred to is certainly Post-Triassic, as its influence is seen 
on parts of those rocks. Its throw is towards the Lough ; and, 
passing south of it — if it continues so far, and is of post-basaltic age, — it 
would have had an important effect in determining the features of the 
country ; possibly also in initiating the denudation of the valley of 
the Lagan. 

I have already referred to the long valley extending from the mouth 
of the Upper Bann, along towards Carlingford. Its level and general 
direction appear to correspond with those of that north of the Lough, 
along the Bann ; and the impression is conveyed that they are the 
same valley, expanded in the centre, but iorming a kind of axis along 
which the disturbing forces acted. Towards the north the feature is 
so marked, that Portlock* has no hesitation in putting it down to the 
score of post-basaltic disturbances; and he lefersto certain depressions 
in the chalk, &c., along the northern sea-coast, as probably due to the 
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accompanying oscillations. If this view be correct, as seems reason- 
able, the movement, doubtless, extended southwards, and most likely 
aided in the production of the other valley. The central depression may 
be accounted for thus : — The large fault bounding the coal-field shows 
its greatest known depth at the north-western extremity of the coal- 
measures, where it cannot be less than 1000 feet; and it dies away 
at both ends, as proved by the Templepatrick fault to the north- 
east, while south-west all traces of it are lost. This in itself would 
form a great dishing up to east and west. The other more northern 
faults seem to follow this example, so that the north and south steps, 
and the east and west curvature, would be contemporaneous, and would 
all agree in forming a great central depression in the very middle 
of the space which Lough Neagh now occupies. Figs. 3 and 4, Plate 
XIII., are designed to show how a basin-shaped depression might be 
formed by such subsidences accompanied by denudation. 

The lateral uptilting may have been accompanied by some of the 
north and south faults known to exist, as well as others suspected, 
but not as yet verified, along the valley itself. 

YII. Denudation of the Country. 

To recapitulate a little ; it will be seen that the argument is 
as follows :— After the chalk had been reduced to its present thick- 
ness over this large area, but while it still formed the remains of 
a tolerably flat sea-bottom, the basaltic flow occurred. Upheaval or 
depression then took place along certain lines, in such a way as to form 
a large hollow, or depressed space ; but this depression did not occur 
BO suddenly as to leave great barriers of rock standing up. Were this 
so, there would be some difficulty in getting rid of the detritus. For 
denudation must have gone on pari passu with the gradual movement, 
as it always does ; and thus, bit by bit, the overlying basalt was 
eaten away, becoming thinnest around the edges of the flow, as these 
become gradually highest. At first the course of the water by which 
the detritus was carried off must have been very different to what it 
is now ; and it seems probable that it may have run out to sea by the 
eastward. For it was not until the conclusion of the disturbances, and 
after the Lake had assumed its finished proportions, that the southern 
river, or livers, to which the clays owe their origin, began to flow. 
Had it not been so, those beds would themselves have been faulted, 
and would have received a high dip, instead of being, as they are, 
continuous and flat-bedded. 

The valley of the Lagan was probably commenced to be excavated 
at the beginning of the elevation of the eastern side of the basin. 
It was not scooped out before, as the whole country was covered with 
a thick flat cake of basalt ; nor could it have been formed after the entire 
elevation, for the edge of the basin would prove a complete barrier.- 
It must, therefore, have been produced during the elevation ; the river, 
once obtaining the tendency to flow, always keeping deeper than the 
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adjacent ground, in accordance with the principles laid down in the 
very able paper by the late Professor Jukes, on the ** River Yalleys of 
the South of Ireland."* This valley must, therefore, be of slightly 
antecedent date to the completion of the Lough Neagh basin, but 
of the same geological period. 

There can be little question but that the denudation over this 
part of ' Ireland, during the latter part of the Miocene period, must 
have been enormous; for not only was the whole of the basalt in 
many places removed, but also the chalk, together with portions 
of the lias, new red sandstone, permian, coal-measures, and carboni- 
ferous limestone. 

If we take points near the Antrim coast, where the thickness of the 
basalt is known as at Black Mountain, and restore it to what must have 
been at least its original thickness — say 1500 feet, which is not excessive 
considering that the adjacent Scottish basalt is still between 3000 and 
4000 feet thick, without counting what must have been denuded away — 
this will bring up the vertical thickness of rock removed in many places to 
more than 2000 feet, which, in my judgment, must be really under, 
and not over, the true figure ; and this not in one or two circum- 
scribed localities, but over many hundred square miles of ground. 
For there can be hardly a doubt that a very great part of the country 
to the west and south of the basaltic plateau was reduced to its 
present configuration at the same time.f I^ay, the whole of Ireland 
may have then received a great proportion of the features it now 
presents : for it is not to be supposed that the denuding action was 
confined to the North of Ireland ; and there is no reason to suppose 
that any part of the country was submerged at that time. 

Enough has now been said, I trust, to show that the present phy- 
sical geography of this district belongs to a Post- Miocene and Pre- 
Olacial epoch ; and that^ in arriving at this determination, we are 
largely indebted to Lough Neagh and its clays. There could have 
been no lake here before the basaltic outflow occurred, for the physiqm 
of the country was entirely different ; but the Lake, with its delta, 
and consequently much, if not all, of the present face of the country, 
was in existence prior to the great Glacial epoch ; proving beyond 
a doubt that it was not the ice which carved out the hills and 
valleys around it, but that unsensational yet steady wprker, denuda- 
tion, of course in all its moods and tenses (including frost, air, water, 
&c.), assisted by certain potent movements of the earth's crust. And 
here I may be permitted to point out the importance, in inquiries of 
this nature, of studying the geological structure as well as superficial 



* " Quart. Jour. Geol. Soc. Lond.," vol. xviii. 

t Professor Hull considers the basaltic area but a fragment of the original surface 
which extended southwards to Slieve Croob, or the Moume Mountains, and west- 
wards as far- as the Sperrin Mountains, county Deny : "Volcanic History of Ire- 
land*' ** Journal of Royal Geological Society of Ireland," vol. iv., part 1, p. 27. 
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appearances of a country. It is, no doubt, possible in some cases tliat 
ice has the power of producing hills and valleys of a pitch of 200O 
feet ; but it is certainly injudicious to apply such a theory to the Lough 
Neagh district, which was shaped ages before it came under the in- 
fluence of that agent.* 

YIII. Recapitulation ; or. Summary of Conclusions. 

(1). That the Lough is of an age intermediate between the Miocene 
and the Glacial period : viz.. Pliocene. 

(2). That it is not a true rock-basin, and has not been formed by ice- 
action, either of Miocene or subsequent age. 

(3). That it is part of an area of depression, and is due to the exist- 
ence of one or more series of faults, assisted by sub-aerial 
denudation. 

(4). That the extensive deposit of clays and sands, with beds of 
lignite, which are found along the southern shore, and for some 
miles inland, is the delta of a former large river, which flowed 
very much in the same course that either the Upper Bann or the 
Blackwater does now — probably the former. 

(5). That these clays are of considerably later date than the basalt, 
and that the silicified wood may, with most probability, be 
referred to the latter deposit. 

(6). By the help of these clays we learn that the existing physical 
geology, and main features of the surrounding country, were 
formed to a great extent at a comparatively recent period — 
that is to say, at some time posterior to the flow of the basalt, 
but previous to the Glacial Epoch ; and that the great denuda- 
tion which has affected at least the North of Ireland belongs 
to this time. 



* It is a curious coincidence that what appears to be the true origin of the 
Lough, as an area of submergence, is that actually ascribed to it by tradition as 
occurring within the historical period. Moore refers to this in the well-known, 
lines : — 

*' On Lough Neagh*s hank as the fisherman strays, 
' When the clear cold eve's declining, 
He sees the Round Towers of other days 
In the wave beneath him shining." 

I never was so fortunate, however, as to catch a glimpse of these monumenta 
of departed glory. 
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APPENDIX* 

FoBsiliferom Pliocene Clayi overlying Basalt y near the Shore of 

Lough Neagh, 

At the time the foregoing paper was written, although I was per- 
iectly satisfied, from cumulative circumstantial evidence, that the 
Lough Neagh clays were of much more recent date than the Miocene 
basalt which occurs near the Lake, I had no actual proof to bring for- 
ward : the junction of the basalt and the clay beds being nowhere 
visible, so far as I had an opportunity of examining the district — this 
comprising all the shores of the Lough, with the exception of a small 
comer near Crumlin. It was therefore necessary to state fully — even 
at the risk of tediousness — the reasons why the clays must be consi- 
dered to be the uppermost, and of Pliocene age. 

During a recent visit to this hitherto unexplored locality, accom- 
panying Professor Hull, F.R. S., for the purpose of tracing the eastern 
boundary of these beds, we were so fortunate as to meet with a well- 
exposed section showing the clays resting on a denuded surface of ba- 
salt. We were also lucky enough to find at this place the only fossils 
which, with the exception of plants, have yet been discovered in the 
Lough Neagh clays. 

The beds in question occur on the Crumlin River, about a mile 
from the eastern shore of the Lough, and about 2 J miles from Crumlin 
village. The basalt is exposed for some distance along the stream, and 
following it downwards we came upon the following section :— 

SECTION nr CEUMLIN ETVEB. 

(See Plate XIII. Fig. 2.) 

P. in. 

A. River gravel and alluvium, . . . .18*0 
m. Dark-grey laminated sandy clay, . . . 2'0 
/. „ „ . „ full of l7nto-like 

shells, 1-0 

m. Dark-grey clay, 1*0 

m. Coarse laminated gravelly clay — pebbles of quartz 
and basalt — ^resting in pockets and erosions of 

basalt, 3-0 

B. l^odular zeolitic basalt — greatly eroded, . . 3*0 

28-0 

The section is exposed for about forty yards. The clays are visi- 
ble for some distance lower down the stream, and in one place show 
well-marked cleavage. The basalt on which they repose was evidently 
the ancient shore of the Lake. It is greatly water- worn, and the peb- 
bly clays lying on it and in the hollows are clearly shore beds. A 

* Added in Press. 



198 JOVBITAL OF THE BOYAL GEOLOGICAL SOGIETT OF niELAND. 

little higher up the stream the basalt rises into a bold shore clifP. A 
deposit of drift disguises the surface indication of this, but in section 
it is very distinct. Two miles south of this, on the Glenavy River, the 
basalt presents an exactly similar aspect. The old clif^ is very well 
shown, while a little lower down the Pliocene clays, full of plants and 
lignite, are found, but the junction is hidden. 

The presence of those ancient cliffs not only serves to mark the 
former extent of the Lake, which must have been at least double its 
present dimensions, but also shows that glaciation could not have acted 
very energetically in that district, since in that event it would have 
nndoubtefiy removed all traces of them. 

A similar shore and cliff may be seen on the northern margin of 
Lough Neagh, just under Shane's Castle, Antrim ; but the clays do 
not extend so far north as this, and the basalt is laid bare on the shore, 
presenting rather a remarkable appearance in some places, and rounded 
as if by ice (see Plate XIII., Fig. 1). Another old cliff occurs along 
the south side of the point jutting out by Langford Lodge. Both of 
these are, however, more recent than the drift. 

The Lough Neagh clays had hitherto proved barren of any fauna. 
I had examined carefully every excavation that had been made in 
the potter's clay of the south side, but without success ; nothing but 
plants being obtainable. The Rev. Dr. O'Meara — whose valuable 
researches on Irish Diatomacese are so well known, thought it likely 
that these clays might yield diatoms, and I procured some specimens 
for him at Professor Hull's request. These I understand gave no 
result ; and it appeared certain, therefore, that no fossils save land 
plants were to be expected from these strata. It was then with much 
satisfaction, that while examining the section detailed above, I came 
on a bed of clay full of shells. 

The fossils are mostly confined to a band about a foot thick, and 
are very abundant. They appear all to belong to a species of Unio. 
Owing, however, to their extremely delicate structure, and the soft 
and friable nature of the deposit in which they lie, it was very difficult 
to obtain good specimens, and unfortunately those which I brought 
away with me received such damage during their transit that it was 
almost useless to attempt to determine them. Mr. W. H. Baily, F.G.S., 
to whom I submitted them, is inclined to think that they may possibly 
belong to a new species. They are not unlike the Unio Solandri of 
the upper Eocene of Hordwell Cliff, Hampshire, so far as external 
appearance goes. 

The shells are extremely thin and fragile, but the structure and 
markings are perfectly preserved, and the nacreous lustre is still quite 
brilliant. I have no doubt but that a palaeontologist visiting the 
locality, and having leisure to make a careful examination, would find 
many perfect specimens capable of determination, and probably other 
species as well. In the meantime it is right to put the matter on 
record, seeing that this place is, so far as I know of, the only locality 
in the British Isles yieldmg lacustrine fauna of Pliocene date. 



JR. G.S.I 
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EXPLANATION OF PLATES XL, XIL, AND XIII. 

Plate XI. 
Map of Lough Neagh. 

Platb XII. 
Fig. !• Section from Sileye Gallion, across Lough Neagh, to Belfast Lough. 

Fig. 2. Section along Lough Neagh from Loughgall to Randalstown. 

Note, — It has been necessarj to exaggerate the vertical scale of these 
sections in order to show the details on such a small scale, and the surface- 
height of the Lough has had to be still further increased to render it yisible. 
Otherwise the sections are correct, having been reduced from others drawn on 
the natural scale. The author does not wish to commit himself as to the 
position of the cretaceous rocks as laid down, the dotted lines being merely 
intended to express diagrammatically the effect of the various faults. 

Platb XIII. 
Fig. 1. Basalt Cliff and Beach at Shane's Castle, northern shore of Lough Neagh. 

Fig. 2. Section on the Crumlin River. 
A. River gravel and alluvium. 
m Pliocene clays. 
/ Fossiliferous band. 
B Basalt. 

Figs. 3 & 4. — Diagram to show how a lake-basin could be formed by longitudinal 
faults and contemporaneous denudation. 

Fig. 3. Section along line of faults. 

Fig. 4. Section across faults at A, B. 

h\ e, d,e; represent the steps which would be formed by the faults, 
and simultaneously removed by the action of water, as shown by the 
dotted lines, the result being a basin N. and S., and also £• and W. 

a, 0, Slope produced by denudation. 
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XXVllI. — Ok the Origin op Antheacite : with Suggestions as to 

THE possible CoKEELATION IN TiME AND MaNNEB OF PbODUCTION OP 
THE AnTHBAQITES OF SOUTHERN IbELAND, WaLES, DEYONSHIBEy 

AND Fbance. By Edwabd T. Habdman, F. C. S., of the Geo- 
logical Survey of Ireland. 

[Abstbact.] 

Thebe is little to be found in the text-books concerning anthracite 
and the mode of its formation ; and in the few instances where it 
is noticed, the result is not satisfactory. It sometimes happens that 
even in the same book, two different and contradictory theories are 
put forward, evidently showing that some confusion on the subject 
exists : — one being that anthracite is due to the crumpling of strata ; 
the other, that plutonic influences are the cause of it. Some authors 
do not refer to it except as a variety of ordinary coal, while others 
do not even mention it. Nor does it appear that there are any special 
works on it. I have endeavoured, therefore, to bring together such 
facts as I could collect with reference to it, and consider that these 
prove anthracite to be the result of the alteration of ordinary coal by 
the heat of a mass of molten igneous rock protruded in the vicinity — 
such being the only theory that suits all cases. 

Chemistry of the Changes which Coal undergoes, — Considering coal 
to be the ultimate result of the alteration of woody matter by the 
elimination of successive portions of carbon, hydrogen, and oxygen, 
combined as marsh gas (CH4), carbonic acid gas (CO2), and water (H2O), 
the transition will take place in about the following order : — Cellulose, 
or woody matter ; peat, lignite, and brown coal ; splint coal ; hard 
coal, steam coal ; anthracite ; and, finally, graphite. 

Leaving out the ash, and other accidental ingredients, the constitu- 
tion of woody matter or cellulose, may be taken as C36 Hw O30 being, 
a multiple of Cg Hio O5. We shall then have the following series^ 
calculated from various analyses : — 



Table I. 

Cellulose, . . C36 Hgo Oso. 

Peat,. . . . C34 H34 O12. 

Lignite, . . C31 Hgo O5. 

Splint coal, . C28 H21 O2. 

Hard coal, . . C2« H20 O2. 

Steam coal, . C26 H15 0. 

Anthracite, . C24 Hg. 

Graphite, . . 1 iCa = C24 Hjs - 2CH4. 
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The following Table will serve to show approximately the maimer 
in which the gases have been eliminated : — 



Table II. 
Loss undergone hy Cellulose in passing into various kinds of Coal. 
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CH^. 


CO.. 


H,0. 
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13 




Lignite ... ,, 
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14 




Splint coal . . ,, 
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14 




Hard coal . . „ 
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12 




Steam coal . . „ 
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15 




Anthracite . . „ 


5 


7 


16 




Anthracite (coal, ^ 










altered by strong 










heat, Sonora), „ 


3 


4 


20 


2* 


Graphite, . . „ 


7 


7 


16 





These are but approximately correct, as, owing to the varying 
composition of different coals, we could hardly expect more. But 
the Table seems to show fairly the changes that actually go 
on. For instance, we know that, in the first alterations of woody 
tissue, a large quantity of carbonic acid and water are given off, 
and but little marsh gas. As the process goes on, however, the 
latter body increases more and more, and is eliminated in a much 
greater ratio than the other elements. In fact, after a certain time 
the amount of carbonic acid and water becomes almost too small for 
estimation,! as is shown by the analyses of the gases from coal mines, 
which consist nearly enturely of carburetted hydrogen alone. They 
contain only from 0*7 to 2-10 per cent, of carbonic acid.f In the 
process of time, or by the help of external causes, all the oxygen 
having disappeared, there remains only carbon plus a little msursh 
gas, forming anthracite ; and, finally, the removal of the last two 
molecules of mardh gas leaves graphite. 

Thus anthracite might result in time from the gradual elimination 
of the volatile matter of coal ; and some of the oldest anthracites may 



* A product of the destructiye distillation of coal. 

t Vide Dr. Lyon Playfair, " On the Gases evolved during the Formation of 
Coal." ** Mems. Geol. Sur.," vol. i., p. 476. Also J. W. Thomas, " On the Gases 
enclosed in Coals from the South Wales Coal Basin, and the Gases evolved hy 
Blowers, and by blowing into the Coal itself." "Jour. Chem. Soc," Ser. n., 
vol. xiii., p. 820. 

X This is well exemplified in Table II., where the loss of carbonic acid is 
at a stand-still from the splint coal downwards. 
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have been bo formed.* But this will not explain those of the carboni* 
f erous and later periods , since beds of the same age, and which have 
apparently been subject to the same conditions, are found to be in 
numerous cases anthracitic in one part, and bituminous in others. 

In some cases it has been noticed that beds of anthracite are ac- 
companied by flexures, C9ntortions, and dislocations of the strata, as in 
Pennsylvania, and part of Pembrokeshire, and it has, therefore, 
been thought that these have effected the change, by allowing readier 
escape of gases through the fractures and crevices; or by permit- 
ting the influx of steam, or other heated emanations, which would aid 
in driving off the volatile matter. It is a fact, however, that can-- 
torted anthracite coal-fields a/re ra/re^ whiUf on the other handf a much 
larger proportion of bituminous coals are greatly disturbed and twisted. 

It will be found that, in nearly every instance where anthracite 
occurs, an outburst of igneous rock, of later date than the anthracite 
beds, exists either in the immediate vicinity and unmistakably alter- 
ing the coal, or is protruded sufficiently close to it to warrant the 
assumption that some of it rises near enough to have effected the 
change. Full evidence on this point, as well as against the other 
suppositions, was given in the original paper. A short synopsis must 
serve here. 

Ireland, — Here we have well-marked cases in point : — 1st. The 
conversion of ordinary coal into anthracite by heat. At Ballycastle, 
county Antrim, a thick bed of basalt has penetrated the coal-measures^ 
and has altered the bed of coal above it to a true anthracite. The 
beds are not contorted, and though faults occur, the coal is quite 
unaltered, save in proximity to the basalt. 

2nd. The coal-measures at Annaghnoe, county Tyrone, are highly 
contorted — ^in fact, inverted; yet the coal here is extremely bitu- 
minous. 

3rd. In the Leinster coal-field, which, perhaps, contains the 
purest anthracite of any district, the beds are nearly horizontal ; the 
dip rarely exceeds 5°, and any undulations are most gentle.f The 
Arigna coal-field in Leitrim lies nearly flat ; yet the coal is similar 
to the steam coal of Wales. Of these two more hereafter. 

Scotland. — ^The few examples of anthracite that are found here 
are invariably associated with igneous outbursts. The coal-fields so- 
affected are the Clyde Basin, Fifeshire, and Ayrshire coal-fields. 
The last contains the well-known "blind coal" of Kilmarnock; and 
in some places the anthracite has been rendered quite columnarj by 
the thermal influence of trap-dykes. 



* Dr. T. Sterry Hunt considers that wMLe the alteration is in many cases due 
to *' subterranean coking,*' it may often have been the result of decomposition at 
ordinary temperatures : ** Chem. and GeoL Essays,'' p. 177. 

t The Slieveardagh portion of this coad-field has the strata rolling at high angles,, 
but there is no difference in the quality of the coal. 

X A specimen may be seen in the Museum of the Royal College of Science, 
Dublin. 
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England, — ^Many of the northern coal-fields are penetrated by 
trap-dykes," and wherever these have been approached sufficiently 
near to the coal it has lost its bitumen, and approaches more or less 
to the character of anthracite, as in parts of Durham and !N"orthum- 
berland; also in South Staffordshire, where the *' 10-yard coal" has 
been altered in more than one place to anthracite, by the intrusion of 
masses of trap. This same coal is in many places contorted, faulted, 
and crushed, but is never anthracitic under these circumstances. 

The Bristol and Somersetshire coal-field is a good example of 
highly disturbed and contorted coal-measures, containing very bitu- 
minous coals, and no anthracite. The disturbances are especially 
marked along: the southern extremity, the coals being often inverted — 
as in the Nettlebridge Valley. The most fiery seams actually occur 
in the broken ground, showing that the gases have not had a better 
opportunity there of escaping than in the more regular parts. 

South Wales Coal-field, — This coal-field was once undoubtedly 
connected with that of Bristol, and like it lies north of, and has been 
affected by, the great line of dislocation traceable from St. George's 
Channel to Westphalia.* It is, therefore, but natural to suppose that 
whatever effect flexuring might have in producing anthracite in the 
one case, it would have in the other ; and that were the anthracite 
in South Wales due . to such action, there ought to be plenty of 
anthracite in the Bristol district. This not being the case, it is 
equally natural to consider the South Wales anthracite as not to 
be ascribable to disturbances. In South Wales, the coal, bituminous 
on the eastern side, begins to change its character about the Neath 
Valley, near Merthyr Tydvil, becoming only semi-bituminous. This 
alteration goes on towards, the west until at last in Pembrokeshire 
only pure anthracite remains. The alteration not only proceeds west- 
wa/rdsy but downwards — ^that is, at a given point the lowest beds 
are most altered; or again, the same bed will be most affected to the 
dip. This shows that, as De la Beche observesf, the alteration can 
neither be accounted for by original difference in the coal, nor attri- 
buted to contortion and dislocation ; for, as he points out, in some 
places neither coals are disturbed at all, whilst in others, as at 
Herwaun and Pyle respectively, the bituminous beds are actually far 
more disturbed than the others. Were fissures or dislocations effica- 
cious in allowing the escape of gases, we should have the topmost parts of 
the beds de-bituminised, not the lowermost. Everything points to the 
influence of internal heat exerted over the western part of the field, 
the effect becoming less and less upwards and outwards, as the dis- 
tance &om the source of the heat increased. De la Beche favoured a 
similar view, considering the coal-measures to have been let down by 



* See Prestwich's Report on the Somersetshire Coal-flields.— " Coal Commis' 
sioners* Report," vol. i. 

t ** Mems. Geol. Sur.," voL i., pp. 2l7j et seqi 

JOVBN G. S. I.— VOL. IV., ir« S« JB 
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a large fault, and afterwards re-elevated. This, however, does not 
account for the ffradtuil transformation, as the transition would then 
be abrupt. I am rather inclined to consider that the source of heat 
must have been brought near the coal-measures, as by a protrusion 
sufficiently close of a mass of molten rock, which, without appearing at 
the surface, would, nevertheless, metamorphose the coal.* Professor 
Hull also advocates the theory of direct thermal influence.f 

It is remarkable that, a few pages further on, De la Beche refers 
to the occurrence of trappean and granite rocks in Pembrokeshire, in 
the neighbourhood of Rosemarket, and the northern arm of Milford 
Haven, of more recent age thau the coal-measures, and whose pre- 
sence quite obviates the necessity of supposing a special subsidence, 
as it is not illogical to suppose them to be the surface indications of a 
deep-seated mass of rock. De la Beche considers these to correspond 
with the granitic eruptive rocks of Dartmoor, which we now know to 
be of post-carboniferous age. 

Devonshire Culm-Measures, — On the south of Bristol Channel the 
carboniferous rocks extend southwards to Launceston, and the upper 
beds, containing culm, have long been referred to the coal-measures. 
They rest both north and south on Devoniau rocks, and form an 
irregular basin. They are greatly contorted towards the south, and 
are there penetrated by the Dartmoor granite, to which is evidently 
due the crumpling, as well as the alteration of the strata into schist 
and slates, and the conversion of the coals into culm (impure anthra- 
cite). 

The Dartmoor granite is but a portion of a very large outburst, 
which is seen at intervals over the greater part of South Devon and 
Cornwall. The granite of Lundy Island is doubtless also a boss of it, 
rising to the north, and not unreasonably far from the culm district, 
while it may also be connected with the granitic rocks of Pembroke- 
shire. The upthrust of these different bosses might well have thrown 
off the strata, north and south, and so produced the basin shape 
and crumpling of both the Devonshire and Pembrokeshire coal- 
measures. 

Tne granite extends towards the west in Cornwall, where its 
greatest mass is seen ; but is not found much to the east of Dartmoor. 
This may account for the western part of the Welsh coal-field being 
altered, while the Bristol coal-field is not affected; also, for the 
anthracitic character of coals in the south-west of Ireland, supposing 
its influence to extend so far. 

D^ance, Belgium, Italy, Sfc. — In these countries there are many 
examples similar to those cited above. In France the numerous 
small coal-fields, east of Auvergne, contain for the most part an- 



* That such may take place without actual eruption at the surface, Jukes has 
•hown very clearly, ** Manual of Geology," edited by Geikie, p. 244. 
t " Coal-Fields of Great Britain," 3rd ed., pp. 89, 90. 
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thracite, and are connected with outbursts of igneous rocks. The 
districts lying around the mountains of the Forez have been spe- 
cially subject to igneous action, and the coals have been altered to 
anthracite, as in the region extending from Vichy to St. Etienne. 
Here, in the valley of the Sichon, the coal-bearing rocks are pene- 
trated by porphyritic rocks, and much altered : the coal being 
anthracite, and the alteration being so far carried that, until Mur- 
chison proved these beds to be of carboniferous age, they were sup- 
posed to be Silurian. 

In Dauphine and Savoy anthracite is found associated with altered 
schists and sandstone of carboniferous age, together with serpentine 
and homblendic rocks. There is some controversy on the true age of 
these beds, and the mode of their occurrence ; but the weight of evidence 
appears to be with those who hold that the igneous and metamorphic 
rocks are of mesozoic age ; and Elie de Beaumont and Sismondi con- 
sidered that the section in Mount Cenis tunnel upholds this view. 
The alteration of the coal would be thus accounted for. 

Anthracite also occurs in the departments of Mayenne and Sarthe ; 
in the latter being associated with schistose carboniferous rocks. 
Granite of apparently later date occurs in the vicinity. 

FoBsihle Relations of the Anthracites of Ireland, Wales y Sfc, and 
France, — In this connexion there is a very remarkable fact. It may 
be merely a coincidence ; but all the same, it deserves notice. 

If we take a map of Europe, and draw a line through the Leitrim 
coal-fields* (steam coal), and through the semi-bituminous portion of 
the South Wales coal-field, and prolong it south-easterly into France, 
we find that all the coals on the north-east are bituminous, while all 
those on the south-west are anthracitic. Moreover, it is possible to draw 
a second line parallel to it, which will pass through not only the 
principal and most highly anthracite districts in the countries in ques- 
tion, but also the principal outbursts of later granite. In Ireland, the 
Leinster coal-fields; Wales, Pembrokeshire, through the ciilm of 
Devonshire, taking Lundy Island and Dartmoor on the way ; then on 
through the granite rocks of Cherbourg, through Mayenne and Sarthe, 
south-east into Vichy, St. Etienne, and Is^re, and very nearly touch- 
ing the debatable district of Dauphine. The closeness with which 
this line follows the post-carboniferous plutonic rocks, and the anthra- 
citic districts, is extremely curious, and certainly seems to warrant 
the throwing out of a suggestion that there is just a possibility 
of there having been at one time a very extensive upthrust of heated 
rock along the line indicated, coming at intervals near the coal- 
measures. It is true that this would give an extremely long hidden 
granitic axis ; but this can be no objection, seeing that it would 
be some 500 miles short of the granitic axis of the Ural chain, accord- 
ing to Murchison's map, while the length of the granitic steppes 
of southern Kussia would suffice to reach from Leitrim in Ireland to 
some distance south of the anthracite district of Sarthe. So that 
there is nothing absurd in conceiving the extension of plutonic action 
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oyer such a distance as I have pointed to. Similar instances are seen 
in the older metamorphic rocks of the Appalachians, which extend for 
many hundred miles. The chief difficulty is whether all the plutonic 
rocks on the line I have referred to are of the same age. This I have 
at present no means of ascertaining, further than that I believe it 
may be fairly taken for granted that they are all of post-carboni- 
ferous age. In some cases, as that of Dartmoor, it is impossible that 
we shall ever know more than this. 

It seems almost more than mere coincidence that anthracites extend 
not only along this line, but also are more decidedly altered towards 
the south-west, precisely in the direction of the J^ral extension of 
the granites, as shown in Cornwall ; and althoJ^H^am willing to 
curtail my theory of its fair proportions, and ^Sw^that part of 
it which applies to France, in the absence at present of mori^||fMBitiye 
evidence, it certainly appears not unreasonable to apply it "to tl 
anthracites of Devon, South Wales, and Ireland. 

North of France and Belgium, — The coal-fields of] the North of 
France and Belgium, forming the elongated basin stretching from 
near Calais to Aix-la-Chapelle, a distance of about 210 miles, serve 
to show very conclusively that flexures and crushing are of them- 
selves powerless in effecting the alteration, of coal. Nearly every- 
where along this basin the coals exhibit a most extraordinary amount 
of flexuring. In some cases this is so complicated that the same 
shaft will go through one seam of coal several times. The pub- 
lished sections of these coal-fields indicate that the seams lie in a 
series of gigantic zigzags, folded over and over, proving that a 
very great crushing force must have acted here. Were anthracite 
due to such causes, there ought to be abundance of it in these coal- 
fields. But the only anthracitic coal that is found is obtained from 
the lowest heds at Mons, there being here a gradation downward from 
** fat" or bituminous coal at top, to **lean" or steam coal at 
bottom. As the Mons coal-field is the deepest in the whole basin, the 
measures reaching a thickness of 5,674 feet at least,, it is possible 
that at some time before the upper measures and newer strata 
were denuded, the temperature may have been sufficiently high to 
affect these coals. Had the crushing anything to do with the altera- 
tion, it is the upper seams that would have been affected. It is 
clearly either to internal heat, or to the partial action of some igneous 
rock in the neighbourhood, that the exceptional phenomenon here is 
to be attributed. It may be mentioned, that there are porphyritic 
rocks between Liege and Mons ;* but their age I am unable to state. 
If newer than the coal-measures it would prove a very interesting 
fact. 

Saarhruck. — It is certain, however, that in the Saarbruck coal- 
field there are extensive igneous intrusions, especially along the 



♦ See " Quart. Jour. Geol. Soc.,'* vol. vii., p. 6, On the Porphyry of Belgium, 
by Delesse. Age, or mode of occurrence, not stated. 
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northern outcrop, which have altered the coals there.* It is no 
impossible that they may rise still further north at Mons. 

Westphalia, Saxony, Silesia, Hanover, and Hesse, — The "Westpha- 
lian measures are very highly flexed,f on the continuation of the line 
of disturbance extending from Bristol; yet the coals are all bitumi- 
nous, with the exception of the Alexander seam, which is anthracitic. 
In Saxony, at Chemnitz, the coal-measures are penetrated by permian 
porphyries, &c.,t which accounts for the alteration of the " RmskohW^ 
to a partial anthracite. The coal strata of Silesia axe invaded by 
masses of porphyry and other igneous rocks ;§ and here again we also 
find anthracite. At Waldenburg the effect is plainly seen.|| The 
small coal-field of Osnabriick also contains anthracite, produced by 
the action of igneous rocks ;^ while in Hesse, on the Meissner, the 
basalt, where it has come in contact with the Tertiary brown coal, has 
converted it into anthracite. 

Styria, — In the Stangen Alps anthracite has also been produced 
from the coal by igneous action. 

RtAssia, — One of the most important European anthracitic regions 
lies in the very extensive coal district known as the coal-field of the 
Donetz, in southern Kussia. Here a similar state of things exists to 
that which is observed in Wales, only in the contrary direction. The 
coals, which are highly bituminous on the west, or north-west, become 
gradually anthracitic towards the other extremity of the coal-field ; 
and not only that, but the accompanying strata, are indurated and 
altered.** 

Along the south-west runs the great granitic axis of the southern 
steppes; consisting of granitoid gneiss, quartzites, schists, &c., pene- 
trated by large masses of igneous rock. Murchison declares that the 
igneous eruptions have continued along that line posterior to the car- 
boniferous era ; attributes the contortions and high inclinations of the 
carboniferous rocks to the elevatory agency of the axis; compares 
the gradual loss of bituminous matter as analogous to the same 
phenomena in South Wales ; and, finally, refers to the remarkable 
coincidence between the line of anthracitic coal and the crystalline 
axis of the steppes, and suggests, ** that in their subterraneous pro- 
longation, the igneous rocks there rising to the surface may have 
converted the superjacent ordinary coal into anthracite, and have 
indurated the associated grit, sandstones, and schists." 

On the flanks of the Ural Mountains the carboniferous rocks are 
upheaved, hardened, and altered ; the millstone grit in places becoming 



♦ Hull : " Coal-fields of Great Britain," p. 335. 

t Vide "Die Steinkohlen Deutsch. Geinitz." PI. XV. 

t Cotta, ** Rocks Classified, &c.," p. 309. 

if Hull, op, cit,, p.- 343. 
I Cotta, op. cit,, p. 334. 
IF Ibid., p. 336. 
♦* MurchiBon's " Geology of Russia," vol. i. 
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quartzite. A few thin coals occur. The analysis of that at Vaschour 
proves it to be anthracite. The granitic axis of the Ural is post- 
carboniferous ; it may be of the same age as that of the southern 
steppes. 

India, — ^Most of the coals in this peninsula are bituminous. In 
the Mohpani coal-field, Central Provinces, the character of the coal 
varies, however, from highly bituminous to anthracite of a friable 
kind. The measures are much disturbed, and are overlaid and pene- 
trated by large masses of basaltic rock of Tertiary age,* to the pre- 
sence of which the alteration of the coal is undoubtedly due. 

America. — In every instance in which anthracite occurs on this 
immense continent, it can be shown that there are outbursts of more 
recent igneous rocks sufficiently near to account for the change, or 
that the coal-measures themselves are altered in such a manner as 
could only be attributed to igneous action of some. kind. 

The Great Appalachian Coal-field is often cited as an instance of the 
coincidence between anthracite and disturbed coal-measures ; and it is 
true that there is a remarkable, but exceptional, agreement between the 
two here. It will be remembered, however, that such contortions 
exist abundantly in very many bituminous coal-fields, and their con- 
nexion with anthracite is really so very rare that they can only be 
regarded as accidental in this case. The coal-field, which is some 
180 miles broad, and several hundred long, is evenly bedded towards 
the west, the coals being bituminous; towards the east, the beds 
begin to roll, and are finally contorted, and the coal gradually he- 
comes anthracite. It happens, however, that all along the eastern 
border of the coal-field large dykes of trap-rock appear, extending 
from the Connecticut valley, where they are extremely numerous, 
through Pennsylvania, into North Carolina. Cross branches proceed 
from these, in one case extending from near Philadelphia to the 
borders of the Schuylkill arm of the coal-field. These are all of 
Post-Triassic age, seeing that they penetrate the new red sandstone ; 
and when we consider what an immense distance they run longitudi- 
nally, it cannot be unphilosophical to regard their lateral extension 
as of proportional magnitade. It is not at all improbable that some 
of this trap penetrated sufficiently near the coal-measures to drive off 
the volatile matter. 

Massachusetts and Rhode Island. — This highly metamorphosed 
anthracite district is clearly the north-eastern extension of the Appa- 
lachian coal-field. The measures have been in some cases completely 
altered to quartzites and schists, and the coal even to graphite. The 
beds are only occasionally contorted. It appears likely that this 
locality was a focus of igneous action. The great abundance of the 
mesozoic trap-rocks in Connecticut, and extending through New 
Jersey into Nova Scotia, favours this view. 

* Col. Meadows Taylor, M. R. I. A., &c., On the Coal-fields of Central India. 
" Jour. Roy. Geol. Soc. Jr.," vol. iii., p. 129. 
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Arkansas. — Here there are anthracites and steam coals. The for- 
mation is " level and undisturbed."* No igneous rocks are found 
nearer than 60 miles ; but Macfarlane considers these may come suffi- 
ciently near the surface to have expelled part of the volatile matter, f 

Newer Anthracites of America. — Triassic Coal : North Carolina. — 
In the Deep River section the measures are penetrated by large 
dykes, or masses of igneous rock; and the coal graduates from 
bituminous to anthracite, and even to graphite, which is associated 
with incipiently fused sandstone. 

Mexico. — At Los Bronces, Sonora, Triassic coal has been found 
altered into anthracite by an eruption of porpliyritic rocks. 

Tertiary Coals of America. — At many places on the Pacific coast, 
as at Alaska and Coos Bay, Tertiary lignites are altered to good bitu- 
minous coals — at the former place to a most beautiful and brilliant an- 
thracite — by the intrusion of igneous rocks, by which also the strata 
are greatly disturbed. On the other hand, many sections on the 
Pacific Railway show the lignites to be greatly contorted without 
any alteration. 

Finally, at Santa Fe, "New Mexico, the outflow of a mass of trap 
has altered lignite over a large area into a valuable and compact 
anthracite. As is not uncommon, this has received a columnar struc- 
ture. 

Conclusion. — I submit now that the evidence is all in favour of 
the igneous theory, as against that of flexures; so much so, that 
we should be warranted, from the mere presence of anthracite in 
any district, in predicting the existence of an igneous rock some- 
where near. The evidence I have given, which comprises all the 
anthracite in the world whose mode of occurrence is known, is sim- 
ply overwhelming on this point. 

Although it cannot be proved in the case of the southern Irish 
anthracites, there is no other way of accounting for their production. 

Other writers have already suggested a similar theory with re- 
gard to particular and limited districts. It has been my aim to show 
that it may be applied almost universally. 



* Macfarlane : ^* Coal Regions of America," p. 341. 
t Op» cit.i pp. 449 600. 
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quartzite. A few thin coals occur. The analysis of that at Vaschonr 
proves it to be anthracite. The granitic axis of the Ural is post- 
carboniferous ; it may be of the same age as that of the southern 
steppes. 

India, — ^Most of the coals in this peninsula are bituminous. In 
the Mohpani coal-field, Central Provinces, the character of the coal 
varies, however, from highly bituminous to anthracite of a friable 
kind. The measures are much disturbed, and are overlaid and pene- 
trated by large masses of basaltic rock of Tertiary age,* to the pre- 
sence of which the alteration of the coal is undoubtedly due. 

America, — In every instance in which anthracite occurs on this 
immense continent, it can be shown that there are outbursts of more 
recent igneous rocks sufficiently near to account for the change, or 
that the coal-measures themselves are altered in such a manner as 
could only be attributed to igneous action of some. kind. 

The Great Appalachian Coal-field is often cited as an instance of the 
coincidence between anthracite and disturbed coal-measures ; and it is 
true that there is a remarkable, but exceptional, agreement between the 
two here. It will be remembered, however, that such contortions 
exist abundantly in very many bituminous coal-fields, and their con- 
nexion with anthracite is re^dly so very rare that they can only be 
regarded as accidental in this case. The coal-field, which is some 
180 miles broad, and several hundred long, is evenly bedded towards 
the west, the coals being bituminous; towards the east, the beds 
begin to roll, and are finally contorted, and the coal gradually he- 
comes anthracite. It happens, however, that all along the eastern 
border of the coal-field large dykes of trap-rock appear, extending 
from the Connecticut valley, where they are extremely numerous, 
through Pennsylvania, into North Carolina. Cross branches proceed 
from these, in one case extending from near Philadelphia to the 
borders of the SchuylkHl arm of the coal-field. These are all of 
Post-Triassic age, seeing that they penetrate the new red sandstone ; 
and when we consider what an immense distance they run longitudi- 
nally, it cannot be unphilosophical to regard their lateral extension 
as of proportional magnitade. It is not at all improbable that some 
of this trap penetrated sufficiently near the coal-measures to drive off 
the volatile matter. 

Massachmetts and Rhode Island. — This highly metamorphosed 
anthracite district is clearly the north-eastern extension of the Appa- 
lachian coal-field. The measures have been in some cases completely 
altered to quartzites and schists, and the coal even to graphite. The 
beds are only occasionally contorted. It appears likely that this 
locality was a focus of igneous action. The great abundance of the 
mesozoic trap-rocks in Connecticut, and extending through New 
Jersey into Nova Scotia, favours this view. 

* Col. Meadows Taylor, M. R. I. A., &c., On the Coal-fields of Central India. 
*' Jour. Roy. GeoL Soc. Ir.," vol. iii., p. 129. 
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Arkansas, — ^Here there are antliracites and steam coals. The for- 
mation is ** level and undisturbed."* No igneous rocks are found 
nearer than 60 miles ; but Macfarlane considers these may come suffi- 
ciently near the surface to have expelled part of the volatile matter.f 

Newer Anthracites of America, — Triassic Coal : North Carolina, — 
In the Deep River section the measures are penetrated by large 
dykes, or masses of igneous rock; and the coal graduates from 
bituminous to anthracite, and even to graphite, which is associated 
with incipiently fused sandstone. 

Mexico. — At Los Bronces, Sonora, Triassic coal has been found 
altered into anthracite by an eruption of porpliyritic rocks. 

Tertia/ry Coals of America. — At many places on the Pacific coast, 
as at Alaska and Coos Bay, Tertiary lignites are altered to good bitu- 
minous coals — at the former place to a most beautiful and brilliant an- 
thracite — by the intrusion of igneous rocks, by which also the strata 
are greatly disturbed. On the other hand, many sections on the 
Pacific Railway show the lignites to be greatly contorted without 
any alteration. 

Finally, at Santa Fe, ITew Mexico, the outflow of a mass of trap 
has altered lignite over a large area into a valuable and compact 
anthracite. As is not uncommon, this has received a columnar struc- 
ture. 

Conclusion. — I submit now that the evidence is all in favour of 
the igneous theory, as against that of flexures; so much so, that 
we should be warranted, from the mere presence of anthracite in 
any district, in predicting the existence of an igneous rock some- 
where near. The evidence I have given, which comprises all the 
anthracite in the world whose mode of occurrence is kiown, is sim- 
ply overwhelming on this point. 

Although it cannot be proved in the case of the southern Irish 
anthracites, there is no other way of accounting for their production. 

Other writers have already suggested a similar theory with re- 
gard to particular and limited districts. It has been my aim to show 
that it may be applied almost universally. 



♦ Macfarlane : " Coal Regions of America," p. 341. 
t Op. cit., pp. 449 600. 
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Arkansas. — Here there are anthracites and steam coals. The for- 
mation is "level and undisturbed."* No igneous rocks are found 
nearer than 60 miles ; but Macfarlane considers these may' come suffi- 
ciently near the surface to have expelled part of the volatile matter, f 

Newer Anthracites of America, — Triassic Coal : North Carolina, — 
In the Deep River sectio^i the measures are penetrated by large 
dykes, or masses of igneous rock ; and the coal graduates from bitumi- 
nous to anthracite, and even to graphite, which ip associated with 
incipiently fused sandstone. 

Mexico. — At Los Bronces, Sonora, Triassic coal has been found 
altered into anthracite by an eruption of porphyritic rocks. 

Tertiafy Coals of America. — ^At many places on the Pacific coast, 
as at Alaska and Coos Bay, Tertiary lignites are altered to good bitu- 
minous coals — at the former place to a most beautiful and brilliant 
anthracite — by the intrusion of igneous rocks, by which also the strata 
are greatly disturbed. On the other hand, many sections on the 
Pacific Railway show the lignites to be greatly contorted without any 
alteration. 

Finally, at Santa Pe, !N"ew Mexico, the outflow of a mass of trap 
has altered lignite over a large area into a valuable and compact 
anthracite. As is not uncommon, this has received a columnar struc- 
ture. 

Conclmion. — I submit now that the evidence is all in favour of the 
igneous theory, as against that of flexures ; so much so, that we should 
be warranted, from the mere presence of anthracite in any district, in 
predicting the existence of an igneous rock somewhere near. The 
evidence I have given, which comprises all the anthracite in the world 
whose mode of occurrence is known, is simply overwhelming on this 
point. 

Although it cannot be proved in the case of the southern Irish an- 
thracites, there is no other way of accounting for their production . 
- Other writers have already suggested a similar theory with regard 
to particular and limited districts. It has been my aim to show that 
it may be applied almost universally. 



* Macfarlane : '* Coal Eegions of America,'* p. 341. 
t Op. cit., pp. 449, oOO. 
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XXIX. — Ihish Drift. Sub-geoups — Aqueoxjs and Glacial Dbifts. 

By G. Heney Ejnahan, M.R.I.A., &c. 

[Bead, November 8, 1876.] 

In a previous communication to the Society, attention was directed to 
the Meteoric drift ; in this it is proposed to speak of the Aqueotta g,nd 
Glacial drifts. 

Aqueous Deift. 

Aqueous drift, proper, is drift which has been washed, sorted, and 
deposited in and by water; but it is often found to graduate into 
glacial or into meteoric drift ; so that in some cases it is impossible to 
state the precise mode of formation of a certain mass of (frift which 
might, at first, be supposed to be purely aqueous.* 

Aqueous drifts may be Fluviatile^ Lacwdrine, JEstua/ririe, or Marine. 
Estuarine and marine drifts are usually classed together ; but in this 
Paper they are kept separate, as in some particulars the estuarine de- 
posits are quite distinct from open sea accumulations. They may 
partake of the nature sometimes of lacustrine, and sometimes of fluvia- 
tile drifts ; it often happens that they are not well washed or sorted, 
and they form more or less sloping accumulations ; and besides they 
may contain terrestrial organi© remains. 

In typical aqueous drift, ice-dressed fragments often occur, if the 
drift has been formed out of an older glacial drift. Some pebbles and 
blocks of rock are so hard that the water action and the accompanying 
friction of one rock fragment against another cannot grind out the ice- 
marks ; f while in some cases the pebbles may not have been travelling 
long enough to become much water- worn. Sometimes dressed frag- 
ments may have dropped into the aqueous drift from icebergs, or from 
cliffs of glacial drift, or even may have rolled down from higher ground. 
These dressed fragments are more usually found in fluviatile, lacus- 
trine, or estuarine drift ; but in some places they are not uncommon in 
marine drift. In the latter case, they occur more frequently in fine 
deposits — such as clays, marls, and the like. 

In addition to the typical aqueous drifts belonging to the four 
varieties just mentioned, there are others which partake, more or less, 
of the nature of glacial or meteoric drift. They must, however, be 

* All, or nearly all, drifts are aqueous, if we extend the meaning of the term to 
its fullest extent ; as ice is frozen water, while all meteoric drifts, except those that 
are solely due to wind, are accimiulated by rain and runlets. 

t The estuarine accumulation along the Ovoca river, Co. Wicklow, between the 
village of that name and Arklow, is, in a great measure, a "paving-stone drift,' ' 
or shingle. This shingle was evidently formed from the glacial drift which is found 
in various places in the marginal and river cliffs. In the estuarine shingle, more or 
less of the fragments are ice-marked ; while in some places, especially near the mar- 
gins of the flats, the contained ice-dressed fragments are at least 75 per cent, of the 
whole. 
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included in the aqueous drift, as they were evidently arranged during 
accumulation in water. One of this kind was described some time 
since as Glactatoid, or glacial-Hke drift ("Geol. Mag.," March and April, 
1874). This is like glacial drift, in that many, and sometimes nearly 
all, of the contained blocks and fragments are ice-dressed, while the 
matrix is a clay or sandy clay. It is therefore evident that the 
materials that now form this drift were, immediately before their de- 
position therein, enveloped in ice ; but that the drift was arranged, as 
we now find it, in and by water, is also evident, as it is distinctly 
stratified, and often more or less sorted. Probably this drift has re- 
sulted, in some instances, from the droppings from icebergs; as we 
know that at the present day icebergs have a tendency to collect and 
melt away at certain places, such as the banks of Newioundland ; 
while in other cases it may have been formed from the detritus dropped 
from an ice-sheet that extended some distance into the sea, or from an 
ice-foot. This glacialoid drift is very considerable in some portions of 
Ireland, especially amongst and near some of the hill-groups, such as 
those of West Mayo and Galway. 

These accumulations of glacialoid drift often contain more or less 
marked inliers of typical aqueous drift (silt, sand, gravel, &c.), often 
forming mere partings, but sometimes being conspicuous in lenticular 
masses. In some districts, these inliers will be on various horizons ; 
but in other localities, such as the coasts of Mayo and Galway, th-ey 
occur on the same horizon for miles (Memoirs Geological Survey, 
Exps. to Sheets 83, 93, &c). When these inliers are on 'different 
horizons, the mass of the glacialoid drift has usually the same general 
character throughout ; but when on a single horizon, the drifts above 
and beneath usually, if not always, have certain distinctive characters. 
These distinct characters would seem to suggest that in such places the 
ice-sheet or glacier retreated for a time, and that, when it again ad- 
vanced, the characters of the contained fragments and blocks were 
more or less changed. 

Land-slips from cliffs of drift may sometimes give rise to curious, 
perhaps even misleading, phenomena. The fallen masses may some- 
times be mistaken for dnft deposited m sitUy and they often push 
about, disturb, and otherwise distort the already regularly deposited 
drift, often leaving it in most fantastic forms. On the south coast of 
"Wexford the results of such slips may be seen among the shelly drifts 
that were accumulating when the sea was about 100 feet higher than 
at present ; while at the Bar of Lough, on the same coast, a similar 
phenomenon is going on at the present day.* 



* My colleague, J. G. Goodchild, F. G. S., has figured contortions in drift 
which are apparently due to such slips : ** Quart. Jfour. Geol. See. Lond.," February, 
1876. A somewhat similar process may be seen now going on in the old quarry 
a little S.E. of Kingstown Harbour. The excavation is being filled with the 
dredgings from the harbour, whilst at intervals, wagon loads of ashes from the 

s2 
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Fluviatile d/rift seems to be of different ages ; and it necessarily 
occurs at various levels, not only as we pass from one river course to 
another, but also as we follow the line of one and the same river 
course. Dana has shown that during the Glacial Period there must 
have been, in many valleys, rivers and streams under the ice sheet ; 
and the fluviatile drift accumulated by such rivers is now overlaid by 
glacial drift formed from the detritus in the superincumbent ice. 
Clarence King points out that this is illustrated amongst the dying- 
out glaciers of the western slopes of the Rocky Mountains. Over the 
glacial deposits, thus formed, there may be other fluviatile drifts 
deposited at various heights by the rivers that have been in existence 
since the ice disappeared. Fluviatile deposits are, of course, very 
different in different places. In steep places shingles and gravels are 
formed, which, however, are rarely as clean as those made by the sea, 
since they are deposited during freshets which do not last sufficieatly 
long to thoroughly wash the detritus laid down by them. On gentle 
slopes the sluggish stream will deposit fine materials. If the river 
valley immediately above a flat or a lake is steep, the stream will 
deposit gravel and shingle near the upper end ; and fine sand, silt, or 
mud often mixed with peat in the other parts, of the same flat or 
lake. In all the large Irish rivers, and in most of the small ones, the 
detritus carried down by the waters is deposited in the, flats and lakes 
which the rivers pass through, scarcely any of it getting into the open 
sea, and very little even into their estuaries. 

In many places in Ireland the fluviatile drifts accumulated since 
the Glacial Period are now more or less covered up by drift due to the 
slipping or weathering down of adjacent cliffs, or by accumulations of 
meteoric drift carried down on to them by rain and runlets. In some 
cases this rearranged drift is, in aspect, very like glacial drift, and may 
be mistaken for it by inexperienced observers. 

Lacvstrine d/riftj also, may be of both pre-glacial and post-glacial 
ages. The pre-glacial drift has not often been recorded in Ireland. 
It might naturally be expected to bo rare, as while the ice sheet was 
passing over the country it would catch up and carry away most of 
the already existing loose accumulations. Some, however, seems to 
have been preserved. The clays, with lignyte, in the Lough Neagh 
basin are pre- or intra-glacial, as also the pipeclay with lignyte near 
Cahir, county Tipperary. In the Boleyneendorrish river vaUey near 
Gort, county Galway, there are beneath glacial drifts peaty leaf beds, 
which may be lacustrine. Similarly circumstanced deposits may be 
found elsewhere, as, for instance, the peat bed in the I^ewtown Colliery, 
Queen's Co., probably also lacustrine. Some of the post-glacial lacus- 



ships are tilted into it. The latter, when first thrown down, form regular layers ; 
but afterwards, when other matter is thrown upon them, their lines of deposition 
are twisted, contorted, and broken up, similarly to those of the sands, clays, and 
gravels, found among the glacialoid dnft on the south coast of Wexford. 
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trine drifts have been left dry either by change in level of the land, 
or by the deepening of river channels, and such might be mistaken 
for part of the regular drift of the country. 

The Ustua/rine drifts seem to be more important than usually sup- 
posed, and parts of them are not easily distinguished from fluviatile 
drift, with whicl^ they are often confounded'. The characters of the 
two are very similar; both often containing terrestrial fossils, and 
forming more or less sloping terraces. * 

Different portions of an estuarine deposit may have very different 
characters ; the littoral accumulations partaking more or less of the 
nature of the littoral accumulations of the open sea ; while the deep 
water deposits are more often like those of a lake. 

The littoral deposits of the open sea undulate more or less slightly ; 
but those of an estuary usually slope downwards from its upper end 
to its opening into the sea. In the estuary of the Shannon the rise of 
the mean tide is mOre than four feet higher at the city of Limerick 
than it is at Loop Head; while in the Bristol Channel the mean 
tide rises 27 feet more at Chepstow than at St. David's Head.* The 
margin of the sea, if taken as that of the mean high tides, is 13 feet 
liigher in Cardigan Bay than at Courtown, Co. Wexford. The deep 
water deposits, also, of an estuary have always a greater or less slope 
seaward. Thus in the fiord called Killary Bay (Cos. Mayo and Gul- 
way) there is a fall of 70 feet in a distance of nine miles from Leenaun 
to Inishbama. These bottom accumulations, should the sea retire 
from them, would form sloping gravel terraces similar to those that 
are usually called river gravel terraces. As, however, this subject 
has been fully entered into elsewhere, it is unnecessary to dwell upon 
it here.f 

In many places the ancient estuarine drifts are found to be more 
or less covered by glacialoid and other meteoric drifts derived 
from neighbouring cliffs of older drift. The presence of these over- 
lying materials, mixed occcasionally with contributions from land-slips 
has, in some cases, led observers to classify some of these estuarine 
gravels as intraglacial drifts. 

Marine drifts, unlike the other aqueous drifts, may cover vast 
areas; but the marginal and deep water accumulations are, in 
general, more or less dissimilar. 

The purely marine littoral deposits on the open sea-board of 
Ireland are always well washed, and are usually also sorted. They 
range from fine sharp sand to shingle, sometimes containing blocks 
tons in weight. In some places these blocks are water-worn and 
rounded; but under exceptional circumstances, as in places on the 
west coast of Ireland, but more especially on the Aran Islands, Gal- 
way Bay, the blocks are semiangular. Deep sea accumulations are 



* Tide Heights and Raised Beaches, " Geol. Mag.,** dec. ii., vol. iii., p. 78. 
t " Valleys and their Relations to Fissures, &c." (Triibner & Co.), pp. 188 to 194. 
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generally fine muds, sands, and gravels, except in those places where 
there are strong currents, or where foreign materials, as from icebergs 
and the like, have been dropped into the sea. 

The raised sea beaches of Ireland differ, in some respects, from 
the present. In the latter we find accumulations ranging from fine 
sand to coarse shingle ; but the coarse shingle containing blocks 
tons in weight seems to be absent from the raised beaches ; yet there 
are places in which we*might have expected that such shingles would 
have been formed during the respective times when the sea was 25, 
100, ai^ 300 feet higher than at present.* 

The variations in the level of the sea since the Glacial Period have 
made various complications in the marine drifts — ^for when the sea 
was deep over some particular area fine deposits would there accumu- 
late ; and when the sea became shallow at that place, shingles would 
be laid down over the fine materials. Sometimes the fine graduate 
into the coarse deposits ; but very often the lattef lie on ^ denuded 
surface of the former. 

A good example of this coarse shingle, lying on a denuded surface 
of gravel, can be seen in a small raised beach at the mouth of the 
Shanganagh river, Killiney Bay, Co. Dublin ; and in other places on 
the east coast the shingles of the 25 and 100 feet beaches are found 
on denuded surfaces of older gravels and sands. In the interior of 
the country, especially in the valleys of the Barrow and Nore, we 
find these paving-stone shingles well represented. Here, as the sea 
became shallow, strong currents formed in the narrows between the 
Carlow and Castlecomer hills, and between the Castlecomer and Kille- 
naule hills, which denuded the older gravels, and deposited on them 
the paving-stone shingles. To the west of the Shannon, in the Co. 
Galway, we find these paving-stone shingles heaped up in eskers ; as 
near Killimor, and in the parish of Tynagh, while in the vicinity of 
Kiltormer the typical esker gravels graduate into half-washed drifts. 
In the counties of Mayo and Roscommon the esker ridges are in many 
places principally made up of this *' paving-stone" type of drift; in 
which from 20 to 50, and in some places 60 or 70 per cent, of the 
fragments are more or less glaciated — a good example is the Bally- 
haunis esker,- Co. Mayo. These paving-stone shingles have been 
classed as glacial drift because they contain some glaciated fragments, 
and graduate into clayey drift. But if they be glacial, then the 
previously mentioned estuarine shingle of the Ovoca river and the 
esker gravels should be considered glacial, as also the shelly sands, 
marls, and clays of the counties Wexford and Wicklow ; since all con« 
tain more or less glaciated blocks and fragments. 



* There are, indeed, places in Clare, Galway, and Mayo, where there are peculiar 
piles and ridges of blocks that may possibly have been ancient beaches. At higher 
levels both in the Galway hills (550 feet) and in the Kerry hills (1800 feet) coarse 
shingles, apparently of marine origin, have been found in a few places. " Geol. 
Survev of Ireland," Exps. to Sheets 94 and 183. 
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The marine drifts, as well as the lacustrine, may be divided into 
pre-glacial and post-glacial, or those below, and those above, the glacial 
drift. The pre-glacial marine drift, as the ice sheet was passing over 
the country, must have been usually caught up and carried away ; 
and in the low countiy, in the numerous sections exposed in the 
railways and other cuttings, it is very unusual to find stratified drift 
between the glacial drift and the underlying rocks. This is so even 
in localities where the rocks do not seem to be ice-dressed, as in 
parts of Galway, Deny, Tyrone, &c., where the glacial drift is 
separated from the underlying rocks by a mass of more or less angular 
rock debris. 

Among the hills, however, gravels and other stratified drift under 
the boulder-clay are not uncommon ; as, for instance, on the Castle- 
comer table-land, on Slieve Gallion, Co. Derry, and in many other 
districts in Ireland. 

In the Arctic regions there are intra-glacial aqueous drifts being 
formed at the present day by the alternate retreat and advance of the 
ice on the sea coasts. Records of such changes during the Glacial 
Period might be expected to be preserved in the Irish drift ; yet there 
seems to be a great paucity of such evidence. As pointed out by the 
late J. Beete Jukes, F.R.S., and the officers working under him, there 
are in places two distinct varieties of glacial drift, especially in the 
neighbourhoods' of some of the groups of hills — one containing well- 
dressed blocks and fragments, many of which are far travelled, while 
the other contains many semi-angular blocks and fragments, all being 
more or less local ; the matrix of the former being usually much more 
clayey than that of the latter. Between these two different drifts we 
might have expected a more or less well-marked series of intra-glacial 
aqueous drifts ; but such does not occur. Sometimes, indeed, there 
may be between them a thin parting, a few inches thick, of clay or 
fine sand, or even occasionally a lenticular bed, swelling in places to a 
few feet thick ; but such are always rare and of limited extent. In the 
vicinity of some of the hills — as on the west of Slieve Phelim — ^there 
axe gravels that seem to be lenticularly interstratified with glacialoid 
drift ; but whether the latter is an undecided form of glacial drift, or 
a re-arranged drift, it is difficult to determine. 

The pre-glacial marine drifts may possibly be all of one age ; but it is 
just as likely that some of them may be littoral accumulations, formed 
when the waters of the sea stood for a time at different levels ; more 
especially, as pointed out in the ** Memoirs of the Geological Survey of 
Ireland," as there are in the different hill groups, miles apart, well- 
marked cliffs, at certain different heights, which seem to have origi- 
nated from marine denudation. 

The post-glacial marine drifts present more or leas well-marked 
terraces at certain definite elevations,* namely, about the 300, 100, 



* In the Dublin and "Wicklow mountains there are the shelly gravels described 
by the Rev. M. H. Close, up lo the exceptional heights of from 1000 feet to 1200 
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and 25 feet contour lines. These gravels have been already described 
elsewhere : * it is therefore unnecessary to treat of them now. 

Of the post-glacial marine drifts, the oldest, or ** Esker sea drifts " 
(». e.y those that extend up to about the 300 feet contour line^; as 
they extend over the greatest area, are often found graduating n:om 
typical into the paving-stone shingle, rocky drift, or the glacialoid drift. 
These gradations have been described in the "Memoirs of the Irish 
branch of the Geological Survey ; " also in the Papers previously referred 
to. The gradations may be seen in the following places, viz., in the 
vicinity of Tyrrell's Pass, and on Croghanhill, Co. Westmeath ; on the 
north slopes of the Castlecomer table-land; in the neighbourhood of 
Timahoe, Queen's Co. ; in the pass between Slieve Bloom and Slieve 
PheHm, King's Co. and Tipperary ; in numerous places in the counties 
Gal way, Roscommon, and Mayo, &c. (see Exps. Irish Geol. Surv., 
Sheets 1 15, 1 1 6, &c.) In the valleys of the Nore, the Barrow, and the 
Suir, there are beautifully defined terraces of not only the 25 feet, the 
100 feet, and the 300 feet gravels, but also of newer accumulations, 
which in places graduate into, and are intercalated with, glacialoid 
drifts, or merge into glacial drift. 

Glacial Deift. 

The typical and genuine glacial drift occurs in unstratified masses. 
As glacial drift is so intimately connected with both the meteoric and 
aqueous drifts, it has necessarily been mentioned frequently already. 

There are in Ireland two distinct varieties of glacial drifts ; f the 
lower and older of which has been called, in the Government Survey 
Memoirs, '* Boulder-clay-drift," and the upper or newer, '* Boulder- 
clay," or ** Moraine-drift." Where both of these varieties occur to- 
gether, near the hills, one seems to lie directly on the other, as 
in no place has any regular or continuous system of intervening aqueous 
drift been found. J In the numerous sections exposed in the railway 
and other cuttings throughout the country no such aqueous beds 
appear ; although in a very few places, as previously mentioned, there 



feet. As these contain shells belonging to species now inhabiting the adjacent seas, 
it seems to suggest that the gravels are post-glacial. But if they be so, why are 
they found at these heighis on this portion only of the range of hills, while to the 
south of the hills they do not occur above the 300 feet contour line ? 

* Memoirs, Irish branch of the Geological Survey ** Journal Geological Society 
of Dublin," vol. x; "Journal Royal Geological Society of Ireland," vol. i. ; 
** Geological Magazine," vol. ii. ; dec. ii., vol. i., &c., &c. 

t In a former Paper on drift laid before the Society, I suggested that the older 
drift was due to a general ice sheet, and the newer to systems of glaciers around cer- 
tain centres. In that Paper, these different drifts are minutely described (Notes 
on some of the Drift in Ireland, ** Journal, R. G. S. I.," vol. i., part iii.) 

t In the eaily days of the Geological Survey of Ireland it was supposed that there 
were middle gravels separating the upper and lower glacial drifts. Twenty years 
ago, however, this theory was questioned by the late Mr. J. Beete Jukes ; while 
subsequently it was abandoned, as both this observer and the officers working under 
him found it untenable. 
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may be thin partings of clay or sand, or thicker lenticular patches of 
these, of limited extent. Such partings and patches, however, are 
never continuous, and are probably due to layers and streams of water 
that flowed between the underneath drift and the ice to which the 
upper glacial drift is due; similarly to what is occurring in many 
places at the present day in North Europe and I^orth America. As 
these drifts have been so often described, it is now only necessary to 
refer to some disputed particulars connected therewith. 

Because gravels and sands surroimd some of the drift hills in. the 
ooimties of Tyrone and Deny, they are said to penetrate them in hori- 
aiontal layers, although in no place in the various cuttings through 
adjoining hills can such intra-glacial gravels be found. Neither can 
they be found in any of the numerous railway cuttings in the province 
of Ulster. If " Middle-Gravels" did exist in these counties, it is scarcely 
possible that the railways should only pass through the hills in which 
' none such occur.* 

At Killiney, Co. Dublin, it has been said, there are two glacial 
<3rifts with an intervening aqueous sheUy drift. This section is con- 
tinuous along the coast to Bray; and if it is followed only a little way 
towards the south, past the valley of the Shanganagh river, it will be 
found that the supposed "upper glacial drift" is one of the well- 
known clayey members of the aqueous drift of the east of Ireland. 

Farther southward, in the railway cutting immediately south of 
Bray Head, there is said to be a typical section showing glacial drift 
between and above shelly gravels. In this locality there is an accu- 
mulation of glacial drift massed against the Cambrian rocks of Bray 
Head, and from it there proceed three or more tongues of a clayey 
drift that dovetail into the shelly gravels. These tongues, however, 
all die out to the south, and seem to me to be due to the weathering of 
an ancient cliff of glacial -drift, the dehrts from which became inter- 
stratified with the gravels accumulating at the base of the cliff, like 
what is going on in numerous places round the coast line at the present 
day. On the coast between Ballinesker and Black water, Co. Wexford, 
we have the results of a similar weathering; masses of glacial drift 
protrude up into the gravels and marls, and from them extend small 
tongues and irregular portions of glacialoid drift. 

Furthermore, on the coast section of Bray Head we find, at the 
base of these gravels, a breccia identical with the basal bed of the 
€sker gravels of the counties Wicklow and Wexford, which can 
be traced very continuously from Wicklow Head, roimd the south-east 
coast, to Bannow Bay. 

In the Co. Wexford, at Castle Ellis, there is said to be a glacial 
drift over the " Manure," or shelly sand. I have visited all the sand- 
pits in that country, and in none of them could I find an upper glacial 



* The Dungannon tunnel was made through (Jne of the drift hills around which 
gravels are found up to the 300 feet contour line ; yet no bed or beds of gravels 
occur in the interior of the hill. 
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drift, although in some there is a clayey drift over the shelly sands, but 
which is evidently due to the washing from the high ground to the 
northward. There are rarely any glaciated fragments in it. 

In the valleys of the Barrow and Nore an upper glacial drift is said 
to be very common. This supposed upper glacial drift is exactly 
the same as that already described by me as ''paving-stone shin- 
gle," — an aqueous drift associated with the other varieties. This 
paving-stone shingle of the valleys of the Barrow and the Nore, 
and of the valley of the Suir, is associated with each of the differr 
ently-aged gravels which respectively reach up to the 25, 100, and 300 
feet contour lines, and its only qualification to be classed as glacial 
drift is that some of the contained fragments are ice-scratched; but, as 
previously mentioned, so are many of the fragments in the paving- 
stone shingle of the eskers of the counties Gal way, Mayo, and Bos- 
common, in the gravels of the Ovoca flats, and in recent shingles in in- 
numerable places, all of which, if this theory holds good, must be also 
classed as glacial. 

Although there is no system, in the low lands, of aqueous beds be- 
tween the upper and lower glacial drifts, yet in some of the hills there 
seem to be well-marked instances of such a deposit. None of these, 
however, have been proved to be continuous even in one group of hills ; 
while some of them are unquestionably not so. Water-formed gravela 
beneath, and apparently above, glacial drift, have been observed in 
various places in the Cork, Kerry, Clare, and Galway hills ; some, 
however, have more the aspect of fluviatile or lacustrine than of marine 
drift. In SHeve Gallion, Co. Deny, there seem to be gravels between 
two glacial drifts ; those at Kennaght, previously mentioned, are sharp 
and clear, as if marine. On the Castlecomer table-land, Kilkenny and 
Queen's counties, it has been proved by the pit sections that in many 
places there are two distinct glacial drifts (boulder-clay-drift and 
moraine-drift) which are usually separated by aqueous drifts. These 
aqueous drifts, however, are not always continuous ; as in adjoining 
pits, they may be at different levels, or in some they may be absent. 
Moreover, they rarely seem to be of marine origin, being usually silt, 
book- clay, or the like, very like fine deposits in shallow lakes or sheets 
of water that may have intervened between the new ice and the old 
boulder-clay-drift. Similar disconnected accumulations of intra-glacial 
aqueous drift have been observed among the other groups of Irish hills ; 
but rarely do they appear to be of marine origin, and in no place da 
they seem to form a regular system. 

In some localities in the glacial drift, but more often in the boulder- 
clay-drift than in the moraine-drift, there are pipes and lenticular and 
irregular masses of gravel and sand. Some of these may be due to 
cracks and shrinkage fissures in the ice, similar to those mentioned by 
Kane and other Arctic explorers ; whilst it is very difficult to account for 
others. Among many other instances that might be mentioned, some re- 
markable masses of sand in the boulder-clay were exposed in the recent 
railway cutting through the Monument Hill, Phoenix Park, Dublin. 
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XXX. On THE OCCTTRRENCE OF MAGNETIC OxiDE OF IrON AT KiLBRIDE, 

County Wicklow. By Charles R. C. Tichborne, Ph. D., F.C.S.^^ 
M. E. I. A. 

[Read, November 8, 1876.] 

The following Paper is a short account of a find of iron ore, chiefly 
magnetic, occurring in the parish of Kilbride, county Wicklow, and 
on the property of "William O'Byme, Esq., the present member for the 
county. The apparently extensive vein of ore runs from north-west 
to south-east, and lies a little north of lat. 52*55, between that lati- 
tude and 52-56, and between 6*7 and 6*8 west longiti^e. 

My object in bringing this subject before the Royal Geological 
Society of Ireland is twofold. In the first place, I desire to place on 
record the position of the vein, of which there is no notice in the 
maps of the Geological Survey. This fact is rather curious, as there 
are numerous surface indications scattered over the ground for two or 
three miles, besides traces of what had evidently been old workings 
in the district. 

The original explorers were evidently hovering about the prey ; 
but as they were not working on any scientific or methodical plan, 
they seem to have missed the find. These old workings resemble 
quarry-holes. There is no recollection of the working of the 
ore amongst the oldest inhabitants ; but occasionally old iron imple- 
ments are turned up, which, from the rudeness of the construc- 
tion, would appear to have been home-made. The iron, however, is 
of excellent quality. 

My second object is, that possible instalments to the mineral 
resources of Ireland should be carefully fostered, and no more appro- 
priate Society for this purpose could be fixed upon than the Geolo- 
gical Society of Ireland. 

The ore differs very much in character, according to the parts 
of the mine from which it is procured ; thus the surface ore is 
loose, friable, and more or less spongy in its nature, but never in 
any case does it resemble the ordinary bog-iron of this country. It is, 
in fact, perfectly free from any organic remains. As the vein is fur- 
ther pursued in a vertical direction, it becomes more compact, until we 
arrive at a very dense ore, having a specific gravity averaging 4*37. 

First determination, . . . . . .4-31 

Second (piece containing re203), .... 4*43 

Average, .... 4*37. 

This last characteristic justifies us in describing it as a specimen of 
massive magnetite, although, as will be seen from the analyses, it 
contains an excess of ferric oxide. All the specimens are more or 
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less attracted by the magnet, and are uniformly so when coarsely 
powdered. 

It is almost perfectly soluble iu hydrochloric acid, without the 
evolution of chlorine. 

The more friable portions seem to have a different composition 
from the dense variety ; audit is very probable, as this lies on the sur- 
face of the vein, that it contains surface drainage, and other extraneous 
matter. 

A very soft and black portion contained manganese. The follow- 
ing two analyses represent fairly the character of the ore, and are 
selected as the two most varied in character : — 



Specimen^ friahle and very dark in Colour, 




Magnetic oxide, 

Ferric oxide, 


40-10 
22-03 


Oxide of manganese, 

Alumina, 


2-05 
6-70 


Arsenic (trace). 




Lime and magnesia, 

Silica, 


2-60 
4-01 


Phosphoric anhydride, 

Sulphuric anhydride, 

Water combined, 


1-20 
1-40 
3-40 


Moisture, 


. 16-51 




lOO-OO 


Solid Ore, sp, gravity, 4-31. 




Magnetic oxide, 

Perric oxide, 


. 72-49 
. 15-30 


Oxide of manganese (trace). 

Alumina, . 


. 3-33 


Arsenic, 


0-01 


Copper (trace). 

Lime and magnesia (trace). 

Silica, 


. 3-64 


Phosphoric anhydride, 

Sulphuric anhydride, ..... 

Sulphur, 

Water, 


. 0-20 

. 0-30 

. 015 

103 


Combined water, 


. 2-55 


ii" nr>T» 4-lna r\r*c\ Tirill Tko^r t/m» •ffQ-nci^- la o /Tnma^"ir\n c\T iTfc^a 


■f -imTkA-nf.e 



but hardly suitable for discussion in the *' Journal of the Geological 
Society." In considering, however, the difficulty and expense of work- 
ing ores which have to bear the burthen of transit, it should be borne 
in mind that magnetic oxide is one of the richest ores we have, except 
hematite. Thus the following percentages of metallic iron in different 
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species of ore are averages calculated from the analyses published in 
Watt's Dictionary of Chemistry : — 

Bed iron ores, average qI 7 analyses, 62*37 p.c. Fe. 

Magnetic ores, „ 6 ,, 53*30 

Brown iron ores, ,, 24 ,, 42*44 

Spathic iron ores, „ 82 ,, 33*18 

Clay iron ore . ,, 24 „ 33*35 

Wicklow ore (dense variety), . . 63*00 

About 20 tons of this ore have been forwarded to Staffordshire, 
and have been smelted with the most satisfactory result. It is 
reported that it gave a pig-iron of first-rate quality. Magnetic iron 
ore is frequently found containing a large quantity of silica, and 
such ore is almost worthless for smelting purposes. Thus a magnetic 
ore from another source, which contained the large percentage of 56 
of magnetic oxide, was found to be unfit for smelting, owing to the 
large percentage of silica which ^n this case exceeded 20 per cent. 
This objection also frequently applies to the Brown ores also. 

As regards this vein of magnetic oxide, there can be little doubt 
that it is of aqueous origin. Its stratified appearance in many parts 
suggests this in a striking manner; moreover, small microscopic 
crystals of pyrites being occasionally observed disseminated through 
these ores, and the siHca being found in the free state, are to my 
mind proofs conclusive. When dissolved in hydrochloric acid, the 
silica is left as a white crystalline deposit. The ore sometimes contains 
fine veins of crystalline quartz running through it. Ebelmen, Kuhlmann, 
and others, have proved that fine specimens of magnetic oxide may 
be procured by igneous processes ; but there can be little doubt that 
the present deposit is the result of the action of water, for the reasons 
given above. The question then suggests itself, how are such veins 
formed ? Also we naturally ask by what chemical action or influence 
is the deposit determined? The Bog deposits of iron so frequently found 
in this country are, no doubt, the result of the weathering of pyrites,, 
and the production of a soluble ferrous salt in the first instance. But 
at first sight there would appear to be a difficulty in the way in con- 
ceiving the formation of a magnetic oxide from a ferrous salt without 
the aid of a precipitant ; and lime, although present in the loose sub- 
stance, is, no doubt, due to recent surface drainage, because some speci- 
mens of the magnetic oxide proper give hardly any trace of lime salts. 
One specimen being very compact only gave 0*02 per cent, of Ca, and the 
district is remarkably free from limestone. It is well known that the 
result of the oxidation of a ferrous salt in the presence of water is the 
production of a ferric salt, and never magnetic oxide. If a partially 
oxidized solution is boiled so as to produce a basic precipitate, that 
precipitate is still a persalt, and the intermediate oxide is not deposited, 
although ferrous salts are still in solution. But I have found that such is 
not the case under pressure. If a solution of ferrous sulphate is left to 
oxidize by atmospheric influence, peroxide is gradually deposited. If 
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after this oxidation has progressed some time it be boiled, ferric oxide 
is deposited in the form of a basic salt. If, however, such a solution 
be placed in a sealed tube, and particularly if we facilitate the deposi- 
tion of the basic salt by the addition of an alkaline salt such as 
potassium sulphate, a dense black precipitate is determined upon the . 
application of heat under atmospheric pressures. This precipitate 
presents all the appearance of dense anhydrous magnetic oxide 
of iron, and is susceptible to the action of a magnet through the 
sides of the tube. I therefore think we are justified in viewing 
the deposit at Kilbride, and similar deposits, as owing their origin to 
the changes produced by thermal influences under pressure on par- 
tially oxidized solutions. Probably most of the immense beds found 
in Canada and elsewhere owe their origin to similar causes. 

In the Geological Survey maps, and the Memoirs of the Geological 
Survey, sheets 130, the position of this vein is described as felspathic 
ash. 

In the foregoing notice I have avoided making any speculations, 
or allusions to the facilities for working this ore, or its commercial 
aspects; but if I have omitted doing so, it must not for a mo- 
ment be supposed that I do not think its working feasible ; but I have 
considered it desirable before a Scientific Society to confine myseK to 
pointing out the position of the vein, of which there is no published 
record, and to deal alone with the chemical, and other scientific bear- 
ings of the subject. 



XXXI. — ^Description of a Possil Spider, Architarbus Subovalis 
FROM THE Middle Coal Measures, Burnley, Lancashire. By 
Rev. Samuel Haughton, M. D. 

[Bead, November 8, 1876.] 

Mr. Henry Woodward first described the fossil spider, Architarhus 
subovalis^ in the '* Geological Magazine," September, 1872, vol. ix., 
No. 9, and figured the specimen found in the ironstone of the Coal 
Measures of Lancashire. Mr. Woodward's specimen is shown in 
fig. 1, magnified four times. 

Mj". Daniel Morris, of the Grammar School, Burnley, found last 
year, and presented to the Museum of Trinity College, a more perfect 
specimen of the Architarbus subovalis. This is shown in fig. 2, drawn 
to the same scale as Mr. Woodward's figure ; completing the legs, 
which are almost altogether wanting in Mr. Woodward's specimen.* 



* Fig. 2 is copied from a pencU restoration of the legs drawn by Mr. Wood- 
ward for Mr. Morris. 
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Fig. 2. 
FoaeQ Spider, ArchUarim tuifvalii, from, the Middle Coal Ueasuiei, Lancashiie. 
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XXXTI. — On the Uppek Limit of the essentially Marine Beds op 
THE Caeboniferotts System of the Beitish Isles, and the neces- 
sity FOE THE establishment OF A MiDDLE CaEBONIFEEOUS GbOUP. 

By Professor Edward Hull, F.B.S., &c., Director of the €reolo- 
gical Survey of Ireland. 

[Bead, December 13, 1876.] 

[Abstract.] 

In this Paper the Author endeavours to show the equivalent stages 
throughout the British Isles of the members of the Carboniferous 
svstem, and divides the whole into successive stages from A to G» 
Thus :— 
Stages. Name. Locality. 

Gr Upper Coal-measures, . . . Lancashire, Denbighshire, &c» 

F Middle, England, Scotland, Ireland. 

E Lower, or ** Gannister " Beds, England, Wales, Ireland. 

D Millstone Grit, England, Scotland, Ireland. 

C Yoredale Beds, England, Ireland, Lower Coal- 
field of Scotland. 

B Carboniferous Limestone, England, Ireland, Scotland. 

A Lower Carboniferous Slate '\ -c^ i j t i J3 n i '£ 

Grits and Conglomerates, ^^Sl^f> Ireland Calciferous 

T T • r Qv. 1 1 Sandstone of Scotland. 

Lower Limestone Shale, ; 

These beds are identified boih by position and palsBontological 
remains over the whole area, and lead to some important results. 
Rejecting the evidence of fish and plant remains, which are inconclu- 
sive, the Author finds that there is a strong palsBontological division 
between stages E and F, the fauna of the one (E) being essentially 
marine, that of the other (F) essentially estuarine, or freshwater. The 
lists of species have been extracted from the '* Memoirs of the Geolo- 
gical Survey," the determinations being those of the late Professor 
E. Forbes, Mr. Salter, and Mr. Baily. The Author of this Paper is 
responsible for the determination of the stratigraphical position of the 
beds from which the species have been obtained. 

He finds that there are about seventy-four species and thirty- 
seven genera of marine forms in Stage E (Gannister Beds, or Lower 
Coal-measures), of which thirty-'three species, and all the genera^ 
come up from the Carboniferous limestone, but only four or five species 
pass up into the overlying Stage F (Middle Coal-measures) ; indicating 
a strong palaeontological break. 

Again; of eight marine species found at rare intervals in Stage F 
(Middle Coal-measures), four are peculiar to this zone, and the re- 
mainder are common to it and Stage E. The remaining species belong 
to the genera Anthracoaia, Anthracomya, &c., which some authorities 
regard as of freshwater, others as of estuarine origin ; they probably 
may be of either. These genera pass into Stage G. 

These differences, together with some evidences of a stratigraphical 
break between Stages E and F, combined with the natural relation- 
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ship between stages C, D, and E, are so striking that the author sub- 
mitted they should be recognised in the classification of the beds, and 
he proposed to establish a *' Middle Carboniferous" division, to include 
all the stages, from the Yoredale (C) to the Gannister Beds (E) inclu- 
sive. This stage would be essentially marine, while the term ** Upper 
Carboniferous" would be restricted to the stages F and G, which are 
shown to be essentially estuarine, or freshwater. The term Lower 
Carboniferous would remain as at present to designate the Carboni- 
ferous Limestone and basal beds of the system, stages A and B. 

The author, in conclusion, showed from the writings of Conti- 
nental palaeontologists that the marine stage E can be identified 
on the Continent, in Belgium, France, and Germany; a band with 
Goniatites and Avtculo-pecten, &c., occurring about 100 feet above the 
base of the coal-measures ; while, as we learn from Geinitz, the mol- 
luscs of the coal-formation generally belong to the genus Wmo {Anthra- 
eosta), so that this remarkable division, with its marine fauna, has had 
a range as wide as the British Isles and "Western Europe, and marks 
the upward limit of the essentially marine conditions of the Carboni- 
ferous system. 

[Note. — This Paper, of which the above is an abstract, will be 
published in extemo in the *' Quart. Joum. Geol. Soc, Lond.," 1877.1 



XXXIII. — On Geaphic Feldspae, feom Co. Donegal. By Rev. 
Samtjel Haughton, M.D.*, Professor of Geology in the University 
of Dublin. 

[Read, December 13th, 1876.] 

This specimen of Graphic Orthoclase was sent to me by Mr. Robert 
"W. Armstrong, of the Belleek Pottery, Co. Fermanagh. It is used 
largely in the china manufactory. Its chemical composition is as 
follows : — 



Silica, . . 
Alumina, 
Iron peroxide. 
Lime, 

Magnesia, . 
Soda, . . 
Potash, . . 
Loss by ignition. 



Oxygen. 

66-50 34-53 

18-50 8-64 

0-00 — 

0-84 0-24 

0-00 — 

115 0-29 

12-25 2-07 
0-20 



2-60 



99-44 

This analysis denotes a mixture of quartz and orthoclase; and 
using the known oxygen ratios of orthoclase (1 : 3 : 12), we find the 

JOXJE. E. G. S. I. — ^VOL. rV., N. 8. X 
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oxygen used for orthoclase to be 

31*20 from the protoxides, 
34*56 f, alumina. 



Mean, 32*88 
This gives at once the mineralogical composition of the rock- 
Quartz, 4*7 per cent. 
Orthocleise, 95*3 „ 



100*0 



XXXIV. — On Elvanite, oe Whttestone, feom Mtddleton Hill, 
LoNGNOE Hall, Sheewseury. By the Rev. Samuel Hatjghton, 
M.D., Professor of Geology in the University of Dublin. 

[Read, December 13, 1876.] 

This specimen of Elvanite, or Whitestone, was given to me by Mr. 
itobert "W. Armstrong, of the Belleek Pottery "Works, and was sup- 
posed to contain a large quantity of lithia. The following analysis 
disproves this supposition, but shows the rock to be a most interesting 
elvanite, as it consists of albite and quartz, to the exclusion of ortho- 
clase. I am not aware of any similar rock existing in Great Britain 
or Ireland. 

Chemical Composition. 

Oxygen. 
Silica, .... 72*80 37*80 



Alumina, 
Iron peroxide. 
Lime, 

Magnesia, . . 
Soda, . . . 
Potash, . 
Loss by ignition. 



17*20 8-04 
0*16 — 

0-89 0-31 

^'^^ - \ 2*55 

8*14 2*08 ^ "^^^ 

0*92 0*16 

0*20 — 



100-45 

This analysis denotes a mixture of quartz and albite, with uii 
amount of oxygen employed as albite silica, of 

30*60 from the protoxides, 
32*16 ,, alumina, 



Mean, 31*88 
From which we deduce — 

Quartz, = 15*6 per cent. 
Albite, = 84*4 „ 

100*0 
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XXXV. — On the Discovert op TRirrMiTE in the Trachyte Por- 
phyry OF Co. Antrim. By Professor A. von Lasaulx, of the 
University of Breslau. Communicated by Professor E. Hull, 
J .XV. S. 

[Read, January 10, 1877.] 

This rare form of Silica was discovered by Professor von Lasaulx, 
during a visit made to the Trachyte quarries at Tardrec Mountain, 
Co. Antrim, in the autumn of 1876, and the discovery was commu- 
nicated to the author in a letter dated December 19, 1876, from 
which the following is an extract: — 

*' There are two little discoveries I have already made. I have 
found in the * quartz-rhyolith ' of Tardree Mountain a great many 
little crystals of Tridymite, a mineral, I think, entirely new to Great 
Britain [the British Islands]. The rock is so very rich in Tridymite 
that I dare believe it a real Tridymite Trachyte, like some of the 
Andesian rocks of Siid-Amerika." 

Specimens of the new mineral sent to the author by Professor von 
Lasaulx were exhibited at the meeting. They were observed to 
occur in little drusy cavities in the rock, in the form of small hexa- 
gonal tables, in groups generally of threes, giving rise to a stellate 
appearance, and of a slightly yellowish colour. The name has been 
given to this form of Silica by Vom Bath in allusion to the compound 
forms of three individuals. [Vorgetr. Ch. Ges. Bonn, 1868, quoted by 
Dana. "Syst. Min.," 5 edit., p. 805, also Dr. Beynolds' "Mineralogicjd 
Tables," p. 26, 1871.] 



XXXVI. — On Microscopic Structures in Tachylyte from Slievena- 
LARGY, Co. Down, Ireland. By Prank Eutley, F.G.S., H.M. 
Geological Survey. 

[Read, March U, 1877.] 

Details respecting the mode of occurrence of this Tachylyte have 
idready been published by Mr. G. H. Ejbaahan in the ** Geological 
Magazine."* At his request I have examined the rock microscopi- 
cally, and now lay the result, imperfect though it may be, before 
this Society. 

The magma or ground-mass of the rock is essentially a glass, 
presenting under a magnifying power of about 120 diameters a finely 
shaded or stippled appearance, which, by transmitted light, imparts a 
pale reddish-brown colour to it : under higher powers, however, it 
appears of a slightly greenish tint. Within this glass lie a vast 



* Decade ii., vol. ii., p. 426. 
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number of what at first sight seem to he opaque irregularly-shaped 
grains, mostly approximating to spherical forms; these, however,, 
are seen at times to be somewhat translucent at their margins, where, 
of course, their sections are thinner, while in oth(T places, where the 
section retains a still less thickness, they appear throughout to be 
composed of fine dusty matter, and exhibit a strong reddish-brown 
and sometimes a greenish colour. It should be observed that the 
glassy magma where it fringes these granules is of a clearer tint, in 
fact almost colourless, these clear borders showing none of the stip- 
pling which characterises it in other parts. From this it would appear 
that the fine dust which constitutes the stippling has segregated 
around certain points, thus giving rise to the dark grains, while the 
consequent abstraction of this dust from the glass, in the immediate 
vicinity of the points of segregation, has produced the clearness of the 
magma where it surrounds these bodies. iThat in the first instance 
the dusty matter was more or less equally distributed seems probable ; 
and had there been no segregation of it in the maimer described, I 
have little doubt but that a section of the rock under those conditions 
would have appeared perfectly opaque when examined microscopically ; 
a circumstance not uncommon in Tachylyte. I base this supposition 
also upon the fact that the rock now under consideration is in some 
parts of the section so densely packed with these opaque-looking 
grains, that only here and there a few translucent lacunae of the 
glass-magma are visible (fig. 5), thus proving, even in a small section, 
less than an inch in diameter, how unequdly the dusty matter i& 
distributed, while it also shows that an equal distribution of this dust 
would have rendered the entire rock opaque, or nearly so, even when 
cut in thin sections. I will not occupy the time of the Society with 
quotations, but will merely refer to the description of the microscopic 
characters of the Tachylyte from Bobenhausen, given in the late 
Hermann Vogelsang's last work " Die Krystalliten," in which similar 
bodies are spoken of as ** roundish, irregularly-shaped lumps or 
masses." These, he observes, are the most numerous, but he also notes 
the occurrence in the same rock of stellate forms consisting of similar 
matter, resembling some of the crystallites seen in furnace slags. He 
states his conviction that these crystallites (and we may consequently 
infer that he intended also to include the ''irregularly-shaped masses") 
do not consist of magnetic iron, but of a glassy silicate, adding, how- 
evei*, that it is not improbable that they contain that mineral in a 
finely-divided state. He also cites the opinions both of Zirkel and 
Mohl, the former regarding these bodies as ferruginous glass {^* eisen- 
reiche Glasgehilde^^), the latter as magnetic iron. Vogelsang's objection 
to this last opinion is that they appear brown and translucent, charac- 
ters which he states are never present in magnetic iron even in the 
most finely divided state. I need hardly say that this objection seems 
to me to be a perfectly just one, always providing that the magnetite 
be in an unaltered condition. I may remark that the rock now under 
consideration strongly attracts the magnetic needle, but this is due to 
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numerous little crystals of magnetite whicli are disseminated in it, and 
which lie in the dark parts of the section. The part of the rock deline- 
ated in fig. 5 would have shown them in great numbers, had it been suit- 
ably illuminated. They are also indicated in fig. 2, which represents 
a marginal portion of a dark part of the rock, where they are sparsely 
distributed. If the dark bodies just described be identical with those 
described and figured by Vogelsang (and to judge from the figures 
given in his book they are identical), it would then seem that the 
opinions both of Vogelsang and Zirkel were perfectly applicable to 
these dark bodies ; and we have evidence, as shown in fig. 2, that 
crystals of magnetite are present in the dark portions of the rock 
(really, the lighter portion when a polished surface of the rock is 
\dewed by reflected light in the ordinary way), and they exist in some 
parts in very considerable numbera. In the same section which we 
are now discussing there occur some green, yellow, and white or 
•colourless bodies, their forms suggesting at first sight that they are 
filled-up vesicles. The yellow and green ones show feeble double refrac- 
tion and a somewhat radiate structure. The green matter seems to be 
glass, consisting of a ferruginous silicate possibly allied to glauconite. 
Now, as we have evidence that magnetite is present in some portions 
of the rock, let us consider how far we may be justified in assuming 
the presence of a mineral resembling glauconite in composition; bear- 
ing in mind that although the former is an anhydrous oxide, and the 
latter a hydrous silicate, still the facilities for the development of 
hydrous silicates are by no means precluded in vitreous rocks of this 
kind ; and, although glauconites are very variable in composition, still, 
in an analysis of magnetite by Schwalbe, and in many analyses of 
glauconite by Haushofer,* there is a community in. the oxygen ratios 
for protoxides and peroxides in the two minerals. Potash, which is 
an essential component of glauconite, does not, however, occur in 
magnetite, while of course the percentage composition of the two 
minerals will not bear any comparison ; yet we may safely expect to 
find alkalies present in a vitreous rock of this kind, as not only potash 
and soda, but also alumina, magnesia, lime, &c., and even a little 
protoxide of manganese and titanic acid are cited in the analyses of 
Tachylyte by Schnedermann, Gmelin, and Delesse. The foregoing 
statements do not by any means prove that the green substance which 
occurs in the Tachylyte of Slievenalargy is glauconite, but they show 
the possibility that it may be some substance more or less closely 
allied to that mineral. Until its true nature can be ascertained, it is 
perhaps as well to be content with calling it a green, ferruginous 
glass, while the yellow matter which occurs under similar conditions 
may also be regarded as a ferruginous silicate, in which the contained 
iron is possibly in a diiferent state of combination. In both of these 
substances there is a tendency to fibrous or pseudo-crystalline struc- 
ture, which has brought about a little devitrification in those parts. 
The colourless glass inclosurcs show no devitrification so far as their 

* Dana's " System of Mineralogy," pp. 151 and 463. 
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general mass is concerned, but they are usually bordered either by 
the yellow or green substance. From any or all of these different 
coloured lacunae what appear to be cylindrical rods, such as those 
shown in figs. 1, 3, 4, and 6, are seen here and there to be protruded. 
In some cases it is difficult to say whether some of these rods have 
originated from lacunae of this land, or whether they have existed 
independently in the general glassy magma, as they are frequently 
cut short by the planes of section, so that their origins and termina- 
tions are not to be ascertained. In fig. 4 we have, however, an 
instance in which a lacuna of yellow glass is partially traversed by a 
band which presents a more strongly crystalline or devitrified appear- 
ance than the rest of the vesicle. From the small dimensions of the 
drawing, compared with the amplification necessary to render the 
structure intelligible, I have been unable to show the lower end of 
this band, which appears to terminate within the vesicle, while the 
opposite end, as shown in the drawing, is protruded for some distance 
into the surrounding glass magma. Sometimes these rods run in 
straight lines, but appear to follow no definite common direction. 
Sometimes they are seen to run directly at right angles to one 
another, but I have not yet observed any instances in which they 
intersect. At other times they are strongly curved, and occasionally 
are bent at a rather abrupt angle, as shown in one of the rods in fig. 3. 
I^ow and then they appear to swell out at certain points ; in other 
cases they anastomose, bifurcate, or ramify in a curious manner, as 
indicated in fig. 7. In fig. 6 a constriction is seen near the termina- 
tion of one of them, while a series of small cube-like bodies are 
arranged along a central line in the rod. I cannot venture to 
speculate on the causes to which these diversities of form and ar- 
rangement are due; they only seem to indicate the absence of unequal 
pressure in any one definite direction in the rock. They indicate the 
existence of no condition of fluxion, such as one meets with in flows 
of obsidian, pitchstone, and perlite, and I am therefore content to 
figure and merely describe them, leaving others to speculate on the 
causes upon which their varied mutual arrangement and configuration 
hinge. They seem at times to bear some resemblance to certain, 
much smaller, cylindrical bodies which I described some time since as 
occurring in an obsidian stream at Rocche Rosse in the Island of 
Lipari,* still the analogy is by no means very striking. Occasionally 
these rods are represented by little else than green, granular matter, 
forming strings, often describing elliptical or circular tracks (figs. 1 
and 3), which impart to the stone a sort of spurious spheroidal struc- 
ture closely resembling that seen in true perlites. I do not think, 
however, that these, at first sight, similar structures in the two rocks 
have originated precisely in the same way. They are, nevertheless, de- 
serving of careful comparison, especially when we consider the vitreous 
nature of the magma in which they are in both instances developed. 



"■ *' Transactions of the Eoyal Microscopical Society," March, 187G. 
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It is worthy of remark that no crystals of Augite or Plagioclaso 
are visible in this rock ; and if we are to regard Tachylyte as merely a 
vitreous condition of basalt, we might infer from magnetite being the only 
component mineral of basalt which is represented in this rock, that 
therefore magnetite is the first mineral to crystallize out in the solidifi- 
cation of a basaltic magma. That in some basalts crystals of magnetite 
are to be seen symmetrically arranged in the planes of accretion 
of Augite and Olivine crystals seems also to favour such a supposi- 
tion ; but as questions relating to the relative order of development of 
the component minerals in rocks are fraught with many difficulties 
and doubts, I am not disposed to express any decided opinion upon the 
matter until I have examined the subject more attentively, and there- 
fore make my statement rather as a suggestion than as a belief. 

In the porphyritic pitchstone of Spechthausen, "Nr, Tharandt in 
Saxony, rod-like bodies may be observed very similar to those which 
occur in the Slievenalargy Tachylyte, coupled with a tendency also to 
perlitic or minute spheroidal structure. 

The Slievenalargy Tachylyte presents, as we have now seen, cer- 
tain structural pecidiarities, which ally it to Pitchstone and Perlite ; 
but it exhibits no indications of fluxion texture, shows no streams of 
microliths, and contains no definitely developed crystals, except those 
of magnetite. There is no microscopic evidence to support the assump- 
tion that it is a vitreous condition of basalt more than of any other 
rock; so that this assumption, which is doubtless true, must be verified 
rather by chemical analysis, and by careful observation in the field, 
of the passages along its surfaces of contact, than by microscopic exa- 
mination. 

Before the blowpipe the rock fuses easily, with intumescence, to a 
brown or black slaggy glass. 

When finely powdered, small particles, may be taken up with the 
magnet. 



iN'OTE ON THE ChEMICAL COMPOSITION OF THE SLrEVENALAKOY, TaCHTLTTE . 

By the Rev. Samuel Haughton, M. D. 



The following is the chemical analysis 


of this interesting rock : — 


Silica, 55-40 


Alumina, .... 




13-24 


Iron peroxide, . 

Lime, .... 




5-48 
7-07 


Magnesia, . 
Soda, 


t « 


1-57 
2-01 


Potash, 


• 


1-64 


Iron protoxide, . 
Manganese protoxide, 
"Water, 


• 
• 


5-64 
0-80 
7-20 



100-05 
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This rock has nothing in common with Pitchstone, except external 
appearance ; and its large quantity of lime and iron shows it to belong 
to the Trap Dykes of the Moume district, described by me in the 
Journal of this Society, vol. xiv., p. 91 (New Series, vol. iv.) 
The large quantity of water present shows that it is a Trap Dyke 
that has undergone mctamorphism, to which it probably owes its pecu- 
liar appearance. 

I would propose to call it Basaltic Pitchstoney retaining the term 
Trachytic Pitchstone for the pearly or pitchy rocks of the acid type. 
The two types of Pitchstone may be distinguished from each other in 
an instant by the blowpipe. 



Explanation of Plate. 



Fig. 1. Tachylyte of Slievenalargy, County Down, Ireland. — Section magnified 
55 diameters, showing rod>like bodies, containing, or fringed with green 
matter, lacunae of green matter (ferruginous glas^), possibly allied to 
Glauconite, and dark spots of ferruginous glass : the whole lying in a 
matrix of glass, in which a very fine dust is visible. 

Fig. 2. Section of portion of the rock seen under a magnifying power of 300 
diameters. This is at the margiii of the part which appears dark by sub* 
stage illumination, as shown in Fig. 5. In this drawing the dark 
patches present a nebulous appearance, are seen to consist of fine dusty 
greenish matter, and contain some crystals of Magnetite. 

Fig. 3. Section magnified 55 diameters, showing curved rods, and perlitic or sphe> 
roidal marking, lacunae of green glass, vein of yellow glass, and dark 
segregations ot dust 

Fig. 4. Section magnified 120 diameters, showing segregations of dust and lactmae of 
yellow glass, from one of which a rod is extruded. The part of the rod 
not shown in the drawing appears to terminate within the lacuna. 

Fig. 5. Section of portion of the rock, which appears of a lighter colour than the 
more glassy parts, when viewed by reflected light; but when looked at 
by sub-stage illumination presents the aspect shown in the drawing, the 
dark part being closely-packed segregations of dust, interspersed with 
little lacunoQ of transparent glass. 

Fig. 6. Rod of green glass, constricted near the extremity, and containing crystals 
arranged along a median line. 

Fig. 7. Diagrammatic drawing of a rod of green glass, with dark core, and cryp- 
tocrystalline envelope, branching in such an irregular manner as to indi- 
cate that its development did not take place under pressure in any one 
definite direction. 
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XXXVII. — On a Rem aez able Volcanic Agglomeeate neae Dun- 
DALK. By Joseph Nolan, M.R. I. A., of the Geological Survey of 
Ireland. 

[Read, April li; 1877.] 

The Geological Survey of this district being completed, the following 
Paper has been drawn up as the result of observations made during 
the progress of that work, and is published with the consent of the 
Director-General : — 

The theory of the close connexion between the plutonic or hypogene 
and the volcanic rocks, though for a long time much contested, has 
now I believe received all but universal acceptance. These two 
classes can no longer be regarded as essentially distinct, but respec- 
tively the lowest or deep-seated and the highest or subaerial members 
of one continuous system, of which the former, through the effects of 
denudation, is better exposed for observation in the older rock systems, 
while the latter, though not without its ancient representatives, is 
more clearly exemplified in the lavas and other volcanic products of 
recent times. Occasionally opportunities for a study of the connecting 
links between these extremes are afforded in the half -ruined volcanic 
systems of an intermediate period, and in Professor Judd's very excel- 
lent Paper on the ancient volcanos of the western islands of Scotland 
we have an admirable illustration of this kind.* I shall endeavour to 
"demonstrate to you this evening that we have, nearer home, a some- 
what similar example, though on a far less magnificent scale, yet pos- 
sessing a special interest of its own, from the peculiar character of the 
volcanic products and the extraordinary modification of the phenomena 
to which they are due. The district I refer to is the hill country 
north of Dundalk, of which the rugged mass of Slieve Gullion occu- 
pies the central and principal portion. This mountain is entirely 
composed of massive igneous rocks, to which reference will*be made 
in a subsequent part of this essay ; the low-lying districts around the 
base are occupied by a coarse disintegrating granite of Silurian age ; 
while at some distance from and forming a semicircular rampart round 
the mountain is a chain of low hills, composed of quartziferous f el- 
stone porphyry, and on the tops and exterior slopes of these hills is 
found the remarkable agglomerate which forms the more immediate 
subject of the present Paper. 

Commencing our examination of this district at the south-east, we 
find in the immediate neighbourhood of the historic pass and castle of 
Moiryf the low hill of Slievenabolea, composed of Silurian slates. 



* " Quart. Joum. Geol. Soc," vol. xxx., p. 119, part 3. 

f Erected by Lord Mountjoy in 1600. The pass of Moiry or Moyra was the 
•Bcene of frequent conflicts between the Ulster Irish and the soldiers of the Pale. — 
See D' Alton's " History of Dundalk." 
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vertical or inclined at high angles, and capped by the agglomerate. 
The upper portion of this singular rock has here all the appearance of 
a slate breccia, being mostly made up of pieces of slate similar to that 
which forms the mass of the hill in a base or matrix of finely commi- 
nuted slate fragments. As deeper portions are examined, the almost 
exclusive slate-breccia character disappears, and fragments of granite, 
diorite and other local rocks are found, particularly of the quartzif e- 
rous felstone porphyry of the district, which latter increases in quan- 
tity in the lower portions till it ultimately forms the base. Thus, the 
fragmentary rock passes downward by insensible gradation into a ver- 
tical pipe of felstone, which evidently fills up the throat or chimney 
of a volcanic vent. (See Plate, Section !N^o. 1.) 

Between Slievenabolea and the hill of Carrickbroad, which rises 
to the west, several patches of this agglomerate are found on the slate 
rocks, and a great mass of it occurs on the south-eastern slope of the 
latter hill, and also on the summit, where it forms the two remarkable 
prominences called BaaikiJmore, Here, as at Slievenabolea, the 
intimate relations between the agglomerate and the underlying por- 
phyry are well shown in vertical sections ; the former, however; 
differs from that at Slievenabolea in containing a larger proportion of 
granite than of slate fragments. Moreover, it does not seem to mark 
a volcanic vent, as the entire hill is formed of the porphyry, from which 
it would appear that these singular rocky hummocks, together with 
similar patches occurring, as before remarked, near the base of the hill 
and on the slate rocks, are but small remnants of an immense mass of 
ejecta, which completely covered up the porphyry, and extended to 
some distance over the adjacent rocks. 

At three-quarters of a mile west of the summit of Carrickbroad, 
on the south-eastern flanks of the neighbouring hill of Tievecrom, 
there is a considerable area occupied by this agglomerate, which gra- 
duates so insensibly into the porphyry of the hill, both in sections 
and at the margin, that it is impossible to find any line of demar- 
cation, and an arbitrary boundary had to be drawn on the map. 
Portions of it also occur near the summit of Tievecrom and other 
localities in the neighbourhood, but it occupies by far the largest area 
at Slievebrack, about a mile and a-haK north-west of the village of 
Porkill. 

This hill of Slievebrack, like the others just mentioned, is also 
composed of quartziferous felstone porphyry, and the agglomerate 
fills up a longitudinal hollow on its south-western flanks Its most 
extraordinary character here is, that it consists almost altogether of 
granite pieces of all sizes, from great blocks to the smallest fragments, 
in a base of fine granite dust or powder. Prom the peculiar position 
it occupies, and its great thickness, the base being in no place visible, it 
is most probable that this was the chief site or focus of the aeriform 
explosions which accompanied the intrusion of the porphyry, and 
to which this extraordinary mass of disrupted rock is undoubtedly 
due. (See Plate, Section No. 2.) 
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The exclusively local origin of the mass will also be evident from 
the change in its composition; granite fragments prevailing here, 
where that rock is found in situ on both sides of the hill ; a mixture 
of granite and slate at Carrickbroad, near the junction of these forma- 
tions, and slate fragments almost altogether at Slievenabolea, in the 
Silurian country to the south-east. 

From this description it will be seen that the rock in question 
differs very much from the usual character of volcanic agglomerates, 
which consist of scoriae and lava fragments, &c., sometimes mixed with 
a small proportion of the rocks through which the eruption took place, 
in a base of fine ash or tufa ; while here not only the contained block 
but the base or matrix is made up of fragments of the pre-existing 
crust. This could not have been the case in an eruption of the usual 
character, where the igneous mass comes sufficiently near the surface 
to be discharged in lava or scoriae, but was probably due to intense 
aeriform explosions originating at a greater depth, and extending in 
a longitudinal direction under a rather large area, producing several 
cracks and fractures, the rocks between which, thus loosened, were 
again and again thrown up and reduced by attrition to dust and 
fragments, forming a vast accumulation or hill of disrupted materials, 
the immense weight of which, in connexion probably with other causes 
hereafter to be mentioned, producing a cessation of volcanic power, 
so that the intumescent igneous mass was not further extruded, but 
cooled and consolidated beneath. Of this extraordinary modification 
of volcanic phenomena we have, if not perfectly similar, at least some 
very analogous examples in recent times, for to some such cause must 
be attributed the formation of those peculiar crater lakes or maare in 
the Upper Eifel. These are situated on the tops of slate hills, and 
were undoubtedly produced by explosion, as is evident from the quan- 
tities of ejecta that surround them. These latter, however, differ 
considerably from the tuff or ash thrown out from volcanoes, as they 
consist chiefly of slate fragments, the dehris of the strata through 
which the crater was drilled, mixed up with a small proportion of 
scoriae. ** The volcanic energy," says Mr. Scrope, **had been impeded 
by the mass of transition and secondary strata which it had to pierce, 
and perhaps by the fragile nature of the greywacke slate, which, 
shattered and pulverized by the first few aeriform explosions of every 
eruption, would be likely to accumulate in great volume above and 
within the vent, and stifle its further activity" (** Volcanoes," p. 384). 
The resemblance between phenomena of this kind and that at Slieve- 
nabolea just described is very suggestive; and if we could examine a 
section through one of these craters we would doubtless find the 
slate-breccia graduating downwards into a subterranean lava, just as 
the similar fragmentary formation at Slievenabolea passes into fel- 
stone porphyry. 

The igneous rock associated with the agglomerate has been already 
described as a quartziferous felstone porphyry. Its base varies from 
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compact to finely crystalline, with orthoclase porphyritically deve- 
loped, and usually some quartz, "which latter mineral generally occurs 
as double-pyramidal crystals, and often in such quantity as to give 
the rock a pisolitic appearance.* Petrologically the rock might be 
called quartz-porphyry; but as that term is usually understood as 
synonymous with elvanite, which should only be applied to certain 
hypogene rocks of a granitoid character, I prefer not to employ it in 
describing a rock associated with volcanic ejecta. It may be regarded 
as the analogue among the older igneous rocks to the quartz-trachytes 
or liparites of the present day, to which, indeed, in some parts it 
bears a close resemblance, particularly like that of Ponza, which 
appears not to have been ejected at the surface, but to have consoli- 
dated beneath an accumulation of agglomerates and other ejected 
matters. As this mass of quartziferous felstone porphyry is traced 
to the north, it assumes a granitoid appearance, and mica and horn- 
blende are developed, while the agglomerate thins out and disappears. 
Still further north this ridge of rock entirely loses its distinctive cha- 
racter, and merges into the great mass of quartzo-felspathic and hom- 
blendic rocks that make up a large portion of Slieve Gullion, and the 
principal part of the hilly promontory between the bays of Dundalk 
and Carlingford.f (See Sketch Map, Plate xiv.) This granitoid rock 
has been already described by many observers, among whom we may 
mention Mr. Hamilton, Sir Richard Griffith, and Rev. Dr. Haughton, 
whose valuable Papers on the chemical composition of this and the 
associated rocks are well known. It may be generally described as a 
crystalline-granular aggregate of quartz and orthoclase felspar, with a 
greater or less admixture of mica or hornblende, particularly of the 
latter mineral, which is sometimes present in considerable quantity. 
In this part of the mass the quartz, though it does not crystallize out 
in the remarkable double-pyramidal form so characteristic of that por- 
tion in connexion with the agglomerate, still for the most part occurs 
as distinct crystals or blebs, while in other places it forms the base or 
skeleton of the rock; proving that some portions consolidated under 
much the same conditions as granite, the silica remaining in solution 
wliile the other constituents crystallized out. 

Associated with these acidic hypogene rocks are others of a basic 
character. Some of these are homblendic, consisting of .hornblende 
and plagioclase felspar ; but by far the greater portions are pyroxenic, 
and exhibit every variety of texture and composition, from coarse 
hypersthene rocks and micaceous dolerites in what seem to have been 
the deeper portions, to finer grained dolerites or anamesites, and still 



* This remarkable fonn of quartz was also observ'cd in the Tardree Rhyolite. 
It is interesting to find so close a resemblance in the form of crystallization of the 
silica in the Forkill porphyry and a well-known recent volcanic rock. 

t For this observation I am indebted to my colleague, Mr. F. W. Egan, B. A., 
who surveyed the northern portion of the district. 
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finer augitic rocks, which from their close and compact texture we 
might almost regard as basalt.* These basic hypogene rocks seem also 
to have their volcanic representatives accompanied with agglomerates 
in various detached bosses and tracts among the hills previously- 
described. One of the most remarkable of these is to be seen at 
Glendooey, where a mass of fine-grained basic rock rises abruptly from 
the hill side east of the glen. This is certainly an old volcanic vent ; 
the upper portion of the rock is brecciated and agglomeritic, while the 
base is so closely associated with the tract of melaphyre to the south 
as to leave little doubt that it proceeded from it.f Another tract, 
but of larger extent, occurs some miles north of this, but its relations 
to the surrounding rocks could not be learned ; however, still farther 
north there are other detached masses of basic rocks which graduate 
at the top into agglomerate. At one of these localities, a little north 
of MuUaghbane mountain, the associated agglomerate contains a huge 
mass of Silurian slate. Similar caught-up masses were observed in 
several places over these hi^ls. 

All these basic rocks appear to be of later age than the felstone 
porphyry, as they have been protruded through it ; yet in the Slieve 
GuUion and Carlingford district the basic rocks seem to be the 
older, as they are frequently penetrated by dykes and veins from the 
associated acidic rocks. Possibly these latter have re-melted por- 
tions of the old basic rocks, and so given rise to the later pyroxenic 
eruptions. 

Thus it will be seen that the phenomena observed in this district 
bear a remarkable similarity to that already referred to in the western 
islands of Scotland. In both localities we have a central mass or core 
of highly acidic rocks, graduating from those of a granitic type through 
porphyritic felstone or f elsite to compact felstone, associated with others 
of a basic character, showing gradations from coarsely crystalline gab- 
bros and hypersthenites to dolerite and basalt. The passage from 
hypogene rocks to those of a volcanic character forcibly reminds us of 
the late Professor Jukes's observation, that '*if we could follow any 
actual lava stream to its source in the "bowels of the earth, we should, 
in all probability, be able to mark in its course every gradation from 
cinder or pumice to actual granite" (" Student's Manual of Geology," 
p. 93). In the typical district of Mull, this almost prophetic announce- 
ment receives ample confirmation in the ultimate development of the 
granitic rocks into contemporaneous lava flows, with their accompany- 



* Rev. Dr. Haughton, whose detailed analyses of these rocks will be found in pre- 
ceding numbers of our Society's "Journal," and elsewhere, shows that the felspar of 
this hyperstiienite is not labradorite but anorthite, which is richer in lime, and is 
seldom found except in the lavas of Hecla, Vesuvius, and other volcanic districts. 

t Professor Hull's microscopic observations prove that the rock consists of 
plagioclase felspar and epidote, tiie latter mineral occurring under such circum- 
stances as to suggest the probability of its having replaced augite. See the '* Geolo- 
gical Survey Memoir*' to accompany sheet 70. 
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ing scoriae, ash, and lapilli ; while in the Slieve Gullion and Porkill 
district, though the series is not so complete, we have nevertheless 
another remarkable illustration in the passage from hypogene rocks to 
others, which, though not actually volcanic, have by their protrusion 
produced mechanical accompaniments. 

Having now described the igneous rocks associated with the agglo- 
merate and the hypogene roots from which they were derived, it may 
be well to suggest another cause which may possibly have operated to 
check the volcanic activity at such a stage as to give rise to the forma- 
tion of this peculiar mass of ejecta. In one of Professor Judd's admi- 
rable Papers recently published in the ** Geological Magazine," * he 
points out that in the ordinary case of eruptions from an habitual vent, 
it is probable that the underlying igneous matter occupies a vertical or 
nearly vertical dyke or throat, so that as pressure is diminished at the 
surface, and lava or scoriae ejected, fresh accessions accrue from beneath, 
the elasticity of the steam, or water imprisoned in the interstices of the 
lava, causing it to rise, and produce thereby the ordinary phase of con- 
tinued activity ; while if the igneous mass be injected in nearly hori- 
zontal sheets or dykes, it will, when it comes sufficiently near the 
surface to overcome the pressure of the overlying rocks, disrupt the 
same over a large area, producing a sudden and wide-spread explosion, 
but of a very temporary character, as there are no deep portions verti- 
cally to furnish fresh supplies. Furthermore, according to the views 
held by Scrope, the coarse porphyritic lavas were, at the time of their 
intrusion, not in the condition of absolute molecular fusion, but rather 
granulated magmas with an interstitial fluid, the extreme tension of 
which is the sole motive power, and which, on being dissipated by ex- 
plosion, leaves a solidified mass behind. Applying these considerations 
to the present case, we find that the Porkill porphyry occurs as a 
dyke-like protrusion from the great mass of granitoid rocks of the dis- 
trict, though in itself it is of no inconsiderable extent ; so that the aeri- 
form discharges were continued for some time, portions of the shattered 
crust being, as before remarked, thrown up again and again, and 
rounded and pulverized by attrition ; but owing partly to the circum- 
stances just mentioned, as well as to that before pointed out, viz., the 
immense weight and quantity of displaced materials, the volcanic 
energy was exhausted before the igneous matter could be developed 
into lava or scoriae. 

Of the age of these rocks we have little evidence, except that they 
are post-carboniferous, the limestone in contact being altered. They 
may be referred with much probability to that great period of volcanic 
activity which is believed to have taken place about the close of the 
Palaeozoic epoch, as the physical changes that have since taken place 
are so vast. The western parts of the Slieve Gullion district seem to 
have been affected by a number of N. W. and S. E. faults, with dowii- 
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throws to the west, of considerable extent, so that the great covering of 
Silurian granite, and other formations under which the hypogene rocks 
of the district must have been formed, were removed) and the latter 
now form the highest mountains, while the portions that, from clear 
evidence, originaUy formed the surface, are now found at a much lower 
elevation. This will be evident from a glance at the accompanying 
sketch map. * 

Professor Hull is of opinion that the neighbouring granite of Moume 
is contemporaneous with these rocks, a supposition which seems ex- 
tremely probable. In the Geological Survey Map of that district,* the 
granite is represented as passing in the marginal portions into elvanite, 
a circumstance which offers a fair presumption of its connexion with 
the same class of rocks in the district just described. 



XXXYIII. — On A Tkiple System* op Post-Miocene Faults in the 
Basaltic Eegion aeound Lough ^Neagh. By Edwakd T. Haedman, 
P.C.S. 

[Read, April 11, 1877.] 

In the basaltic district around Lough IN'eagh there are very numerous 
faults, with regard to which the following points may be considered 
worthy of notice : — 

There appear to be at least three distinct sets of faults, of different 
dates — but belonging to the post-miocene age — each of which preserves 
its own distinctive bearing. The general direction of them is as 
follows: — 

No. 1, K 10 E. 

m. 2, K 45 E. to K 65 E. 

ITo. 3, N. 30 W. to IS". 50 W. 

No. 1. The oldest of these runs about N. 10 E. The principal 
fault of this set occurs at Crew Hill, a little west of the town of 
Stewartstown, where it brings down the basalt against the Carbonife- 
rous limestone, the downthrow being apparently very considerable. This 
fault proves to be the key to the whole series, for both north and south it 
is cut off by two faults belonging to the next set. These, it could be 
easily shown from the position of the basalt at Crew Hill with reference 
to that of the main body of that rock, are of later date. Several minor 
faults parallel to the first- mentioned fault have been observed. They 
appear to be of the same date. 

No. 2. This set may be said to have a general north-easterly direc- 
tion : the variation ranging from N. 45 E. to N. 65 E. It is an ex- 
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tremely well marked and important one, the individual members hav- 
ing very large downthrows indeed. Of these, the principal are the 
great boundary fault of the Dungonnon coal-field, which has a total 
downthrow of at least 2000 feet, part of which may, however, be due 
to pre-miocene subsidences along the same line of fracture. This fault 
I consider to cross Lough IN'eagh, and have its continuation in the great 
Templepatrick fault, which, according to Professor Hull, has a down- 
throw to south-east of from 400 to 500 feet.* North of this fault, and 
parallel to it, is the Annaghone coal-field fault, bringing down the 
Bunter sandstone against the Coal-measures in one place, and the basalt 



N 




against the Trias in another. A boring on the south of it, close to the 
coal-field, is said to have gone through 300 feet of Triassic rock. On 
the whole, this fault may probably have a downthrow to the south of 
1000 feet. Still further north, two faults with downthrows north and 
south respectively, of about 200 feet, run in the same direction, and in 
the neighbourhood of Moneymore faults of smaller magnitude, but with 
the same general bearing, cut into the basalt escarpment. 

Several faults of various degrees of magnitude belonging to this, 
system occur along the escarpment running south-west from Cave Hill 
to near Moira. 



* Ex. Mem. Sheets 21, 28, 29, Geol. SuiTey, Ireland, p. 37. 
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'No, 3. The third and apparently latest set has a general ^N'.W. 
or ^N'.^N'.W. bearing, varying from N. 30 W. to N. 50 W. This set in- 
variably cuts through jNfo. 2, as may be noticed in many places in the 
vicinity of the Dungannon coal-field, the boundary fault of which is 
cut by two of them. In the case of the numerous small faults which 
cut into the basalt escarpments on all sides of the district, it appears 
to be invariably the case that this set of faults dislocates the others. 
This may be seen on the published maps of the Geological Survey, on 
which very few exceptional instances will be observed. 

The downthrow of this set of faults is apparently always compa- 
ratively small, the greatest I have any information of being 54 feet. 
It occurs in the Dungannon coal-field. This agrees well with its being 
of latish date, when the subsidences over the volcanic area were com- 
ing to a close. 

It may perhaps be pointed out that the general bearing of this set 
of faults coincides very fairly with that of a great number — ^if not a 
majority — of the basaltic dykes which traverse the basalt of the north 
of Ireland. It might be that the forces which gave rise to these latest 
lines of fracture helped to produce those fissures into which the intru- 
sive basalt was not so much ejected as admitted — ^that is, that the 
fissured basalt, at this last subsidence, may have settled down into the 
molten magma below, in such a manner that the fluid lava was forced 
into the fissures. 

It would be hasty to draw conclusions as to the probable concord- 
ance of the post-miocene fault systems of other districts in the north 
of Ireland with those of the part under notice ; and the chief object of 
this imperfect note is to draw the attention of other observers to such 
a possibility. But I may mention that Professor Hull describes two 
distinct systems of faults as dislocating the basalt to the north-east ; * 
in the district comprising Lame, Island Magec, Templepatrick, &c. 
The systems he refers to are : — a south-westerly system, corresponding 
to "No, 2 above, the principal fault of which, at Templepatrick, I have 
alluded to ; and a N.-N.-westerly system, correspondmg to what I have 
described as No. 3. It does not appear, however, that the relative ages 
of those two sets of faults have been ascertained. 

It must be borne in mind that in stating the bearings of the diffe- 
rent sets of faults I mean the average direction of the whole fault. 



* Ex. Mem. Sheets 21, 28, 29, Gcol. Survey, Ireland, pp. 36-37. 
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XXXIX. — On the Occubeence of Pholalidea Papyeacea at Glen- 
AEM, CoTTNTY Antkim. [With Specimens.] By W. A. Tkaill, 
M.A.I., H.M. Geological Survey, Ireland. 

[Read, May 9, 1877.] 

In bringing this short Paper before your Society, on the occurrence 
of Pholadidae at Glenarm, I thought that it might be of interest to 
exhibit some of the specimens which I found, and to record this addi- 
tional locality, where these rare shells are met with. 

My friend the Eev. J. Grainger, D. D., who has particularly stu- 
died recent shells in connexion with his researches into our post- 
tertiary deposits, has kindly named them for me, and has rendered me 
other assistance concerning them. I have compared them with Forbes' 
and Hanley's illustrations, with which they mostly agree. 

Of the particular family of Mollusca to which I refer, viz., to the 
boring shells, the PholadidsB, the three commoner species — Pholas Can- 
dida, Pholas crispata, and Pholas dactylus — are found without very 
great difficulty, at low tides, along the shores of Belfast Lough. 

But during the last winter I was fortunate enough to find a num- 
ber of specimens of the rarer species — Pholadidea papyracea — on the 
shore between Glenarm and Carnlough. 

It was after some storms that I obtained them, and a great num- 
ber of the animals were alive, showing that they were now existing in 
that locality. They may have been thrown up from deep water out- 
side, or they may exist immediately along the shore, at or below low- 
tide level. 

The marls of the "New Ked Sandstone seem to be the rock which 
they peculiarly inhabit, and into which they bore. In some cases a 
small block of this rock, 3 or 4 inches in diameter, would be com- 
pletely honeycombed by a dozen or more of these shells. 

They mostly entered by small holes from the outside, growing in 
size as they excavated and advanced, till they became permanently 
inclosed in their seK-formed prisons. The entrances to some of these 
would be less than -J inch across, while inside some had attained 
to over Y inch in diameter. 

The peculiar markings on the insides of the holes, formed by the 
workings of the muscular foot, with which they made their excava- 
tions, were often clearly visible. 

The more abundant forms were those of the full-grown Pholadidea 
papyracea. The shells are of an elongated ovate shape, very thin and 
fragile ; an oblique line forms a depression on the outside, and a rib 
internally. The hinder parts arc marked with broad concentric 
wrinkles, and are provided with cup-like appendages, sometimes 
2 inch beyond the extremity of the shell; these are composed of 
papyraceous or paper-like vaulted laminse. 

The anterior parts of the shells arc again divided, the portions 
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near the beak being closely and obliquely marked with linear platings, 
but the remaining portion is smooth and rounded, filling up the front 
ventral opening with an excessively thin and fragile shelly matter ; 
these are connected across by a membrane. 

On the insides of the shells are two hooks, one in each valve, 
upon which the animal seemed to hang up its body, as well as to be 
attached to the shells by muscles. 

The largest specimen obt^ed was a little over H inch in length. 

Another and rarer form was that which was unprovided with the 
calyx, or cup-shaped appendage, at the posterior end, it being 
rounded off and attenuated ; this form also wanted the dome-like struc- 
ture at the anterior extremity, which consequently gaped, and was 
connected directly across by a membrane. 

This variety has caused, much controversy among British concholo- 
gists, and by some is considered the young or undeveloped state of 
the Pholadidea papyracea ; but by Dr. Turton and others was consi- 
dered a different species, and to it was given the name of Pholas 
lamellata,* supposing it not the young of the papyracea. That it 
was '* in fact a kind of monstrosity, or at least a specimen of an unu- 
sual growth, and extremely rare : that the animal, instead of attempt 
ing to inclose the front ventral group with test^eous matter, upon 
the completion of the immature stage of growth, had contented itseK 
with solidifying the entire shell, and reflecting the edge of its anterior 
ventral margin." 

The following extract is communicated by Mr. Jeffreys from 
the manuscripts of Mr. Clark {vide Forbes' and Hanley's British 
Mollusca) : — 

" This animal, in consequence of the shell having been taken 
under very different appearances of form, has . . . been considered a 
distinct species, and named by Dr. Turton the Pholas lamellata. . . . 
But having studied the animal under both forms, we are fully enabled 
to confirm Mr. Sowerby*s opinion that the two shells are one species 
under different forms. We do not, however, think that the form 
styled P. lamellata is the young of the shell styled P. papyracea, but 
that they each maintained their form when of all sizes, from cir- 
cumstances depending on peculiarities of animal economy. In corro- 
boration of this opinion, we have seen P. lamellata equal in size 
to the largest P. papyracea and P. lamellata completely formed, 
with the cup and testaceous membrane, not more than i inch in 
length." 

This I can corroborate, as some of the smallest specimens had 
the calyx complete, and the largest one that I found was of the form 
P. lamellata, and was nearly i inch in diameter. Both forms were 
often found in the same stone. 

The above extract further states: — ** We believe that when pe- 
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culiar circmnstances, most probably attendant on habitat or animal 
economy, arose, the animal has then the power of forming the cup and 
membrane. The cnp we consider as nothing more than the incipient 
shelly lining of its habitation, for the protection of jsome part of 
its ttibqs. 

'' Eew specimens attain to a greater dimension than H inch, and 
about half that breadth." 

With regard to the localities where these shells are found, Forbes 
and Hanley state that the Fholas papyracea must be considered not 
only a very local shell, but one difficult to procure, even at most of 
the spots from whence it can be obtained. It is met with at low 
tides at Exinouth, Tynemouth, Torquay, and other South Devon 
towns ; and they also state that it was dredged up between Howth 
and Lambay. 

In the "Guide to Belfast," published by the Belfast Naturalists' 
Field Club for the meeting of the British Association in 1874, I find 
in the list of bivalve Mollusca that the P. papyracea was found at 
Portrush, and in deep water off The Maidens, two islands near Lame. 
Dr. Grainger, who dredged them, imforms me that they were but 
small specimens. He also found s^me others at Whitehead. 

No mention is, however, made of the variety or species P. lamel- 
lata having been previously found in those districts. 

In " The Guide" for the British Association meeting at Glasgow in 
1876, in the list of Mollusca, only the Pholas crispata and dactylus 
species are enumerated, and no mention is made of the P. papyracea 
having been obtained. * 

With regard to the county Antrim coast, and the occurrence of 
this family of boring shells, viz., Pholadidea, from the fact of their 
favourite rock, the New Bed Sandstone, occurring continuously or at 
intervals along the coast, and specimens of one or other species being 
found, as P. Candida, P. crispata, and P. dactylus, at Belfast Lough, 
and P. papyracea at Whitehead, The Maidens, Glenarm, and Cam- 
lough, and at Portrush, we may, I think, reasonably conclude that 
there at present exists a belt or zone of representatives of this family, 
in deep water or at low-tide level, along a considerable portion of the 
county Antrim coast line, and that it only requires more attentive 
search or dredging in that zone to procure many other specimens. 

In the discussion which followed, Dr. Haughton stated that Dr. 
Farren had also found the Pholadidae along the coast of Waterford, 
comprising the P. papyracea, in some pieces of wood, or in fact in a sub- 
merged peat bog. 
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XL. — On THE Natuee and Oeigin of the Beds of Chekt in the 
XJppEB Caebonifeeous Limestones of Ieeland. By Professor 
Edwaed Httll, M.A., F.K.S., Director of the Geological Survey 
of Ireland. With Chemical Notes, by E. T. TTaedman, F.C.S., 
of the Geological Survey of Ireland. 

[Read, May 9, 1877.] 

(Absteact.) 

Aftee reviewing what had been published by previous authors on the 
origin of chert-beds, and showing that much remained to be done in 
this department of petrology, the author proceeded to describe the 
geological position of the principal cherty zone of the Carboniferous 
limestone of Ireland, showing that, while bands ^ of chert occur at 
intervals throughout this formation, the highest beds immediately 
under " The Yoredale Shales " are especially rich in chert, and are 
frequently entirely replaced by this mineral. In these beds coralline, 
crinoidal, and other marine forms were frequently to be recognised 
by the naked eye. Thin slices for microscopic examination, taken 
from various localities, extending from Sligo to Carlow, also showed 
that even the most dense and compact masses of chert exhibit, under 
favourable circumstances, forms belonging to those of marine animals 
(such as corals, crinoids, foraminifera, and occasionally molluscs), 
which build their shells or skeletons of carbonate of lime rather 
than of silica. The siliceous paste in which these forms are inclosed 
was found to have been in a ** gelatinous state," and the forms were 
only to be distinguished by difference in depth of shade from the 
paste, the shells or skeletons having disappeared. The chemical 
analyses of these specimens by Mr. E. T. Hardman, F.C.S., tended to 
show that the chert-beds contain various proportions of carbonate of 
lime as well as of other minerals, so that a gradation from siliceous lime- 
stone into pure chert might be traced. 

From a review of the whole circumstances, it appeared that the 
origin of the chert-beds was to be attributed to the replacement of the 
original limestone or calcareous "ooze," due to organic agency, by 
silica, and that the rock is truly a pseudomorph ; — a view held by 
several observers. 

The manner in which this replacement has been brought about was 
then touched upon. It was shown that there was reason for believing 
that at the close of the period during which the Carboniferous lime- 
stone was formed over the area of central Ireland, the sea-bed was 
elevated, so as to be covered by the waters of a shallow sea, exposed 
to the sun's rays, and of a warmer temperature than when at a greater 
depth. The waters appear to have been charged with a more than 
usual supply of silica in solution, derived (as Mr. Hardman suggests) 
from the surrounding lands, formed, for the most part, of highly sili- 
ceous materials. As silica is less soliible than carbonate of lime, 
chemical replacement would naturally take place, the carbonate of 
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lime being dissolved out, and its place taken by the silica. The warm 
condition of the sea-water, its e3j)osure to sunlight, the porous cha- 
racter of the coralline, crinoidal, and other forms, and the soft and 
*' oozy " condition of the foraminiferal mud, would give easy access to 
the sea- waters, and the process of silicification would take place, ana- 
logous to that described by Dr. Martin Duncan, F.R.S., as having 
occurred in the West Indies. 

The Paper was accompanied by chemical analyses and photographic 
figures of some of the thin slices, slightly magnified. 



XLI. — Observations on the Bemains op Mammals pound in a 
PossiL State in Ireland. By A. Leith Adams, F.B.S., F.G.S., 
Professor of Zoology in the Boyal College of Science, Dublin. 

[Read, May,9, 1877.] 

I AM induced to lay before the Society a few observations on the fossil 
mammals of Ireland, in consequence of my own conclusions with 
reference to certain specimens being not in agreement with the deter- 
minations of previous writers. 

The latest published lists, such as those of Mr. Scott, F.B.S.,* 
and Professor Hull, F.B.S.f (copied more or less from Catalogues and 
Papers in the "Journal of the Geological Society of Dublin," and " Jour- 
nal of the Boyal Dublin Society "), I find no less than four species of 
the genus Ursits enumerated — ^to wit, Ursm aretos, Ursus spelmuy 
Jlrsus marttimuSj and Urstts ferox. The specimens from which these 
species were differentiated are, for the most part, in good states of 
preservation, and readily accessible. 

1. With reference to Ursus aretos^ as determined from a cranium 
found in the county of Kildare, and certain bones from Shandon 
Cave, it appears to me that the skull is the only one of these speci- 
mens admitting of accurate comparisons with recent or extinct bears. 
It is probably that of a young female, with the ridges not well 
developed, and is therefore also unsatisfactory for comparative purposes. 
Its black colour might indicate a bog origin, of which however there is 
no clear evidence. It is smaller than the five other Irish crania, which 
not only in the histories of their discoveries, but also in general aspects, 
show that they were found either, as in the case of Shandon Cave, in 
a calcareous deposit, or as in the other four, in sub-turbary formations. 
The Kildare skull shows, in its dental characters, and in the contour 
of the posterior nasal openings, affinities more in accord with the same 
parts in Ursus spelceus and Ursus ferox. I am, therefore, disposed to 
consider it as merely an immature individual of either of these forms, 
now admitted by many comparative anatomists to be one species. 



* " Journ. Geol. Soc, Dublin," vol. x. p. 143, and " Geol. Mag." vol. vii. p. 413. 
t Presidential Addi'ess, " Journal of Koyal Geological Soc. of Ireland," vol. iv. 
(n.s.), p. 51. 
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2. The ursine bones, from Loch Gur, described by Dr. Carte, 
F.L.S.,* and considered by him as belonging to Ursus ma/ritimus, have 
engaged my particular attention, from the importance of such a rare, 
I may say unique, discovery. After careful examinations and com- 
parisons of these remains with the same parts of the recent animal, 
and not only with specimens in the Museum of the Royal Dublin 
Society, but the rich collections in the Hunterian Museum, London, 
I have failed to perceive the resemblances he has recorded as existing 
between the Loch Gur bones and those of the recent Polar bear. In- 
deed, on the contrary, I find that, whilst the long bones from Loch Gur 
and Shandon Cave agree, as they do also with the same parts in 
Ursm spelcms and UrsiLs feroxy and even Ursus a/rctos, inasmuch as all 
four show very unimportant distinctions in their long bones, there 
are pronounced differences between them and the same parts of Ursus 
^ma/ritimu8 ; in fact, Urstis maritimm is, very different in its oste- 
ology from other recent and from hitherto found fossil species. 

I moreover regard all ursine remaim, hitherto recorded, from Irish 
deposits as belonging to one species, and undistinguishablefrom the same 
parts of the Ursus spelaus, whose osteology agrees so closely with the 
grisly bear ( Ursus ferox) that many authorities consider them to be 
one and the same species. It may be observed that there is no his- 
torical account of the brown bear having been a native of Ireland, as 
was the case in Scotland and England, whilst both islands agree so 
far that there is no written record of the Ursus spelwus having been 
contemporary with man. 

The authenticated remains of the Mammoth, as far as I can make 
out, are confined to the discoveries in Cavan and "Waterford. I have 
lately seen a photograph of a portion of a molar of this species, which 
I am informed by the Rev. Dr. Grainger, of Broughshane,f was 
discovered by him in a marine deposit on the sea shore of the county 
of Antrim. 

The presence of the Hippopotamus in Ireland rests on a canine 
tooth said to have been discovered in the county of Antrim, a drawing 
of which tooth is preserved in the Office of the Geological Survey of 
Ireland. J 

Although the Pig was feral in Ireland during the early historical 
times, I can find no evidence of its remains having been met with in a 
fossil state, or associated with any of the extinct mammals. 



* ** Jour. Geol. Soc. Dublin," vol. x., p. 115. 

t Dr. Grainger refers in a Paper read at the Belfast Meeting of the British 
Association, 1874, to other discoveries of Mammoth remains, but he considers that 
none except the above have been authenticated. The molar said to have been found 
in the Cave of Dunmore, counter JBoIkenny, and lately exhibited by the Kev. Dr. 
Haughton, T. C. D., at a meetmg of this Society, appears to me to belong to the 
recent Asiatic elephant. 

X Dr. Moore makes a mistake in his letter to Professor HuU, quoted by tho" 
latter in his Presidential Address, delivered before this Society in 1876, in stating 
that the tooth belonged to an elephant [see vol. iv. (n.s.), p. 51J. 
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^Neither Bos longifrona nor Bos frontosuSy now admitted by many 
authorities as only varieties of domesticated oxen, are found in any 
deposits of Irish Pleistocene age. 

The Moose ( Cervm dices) has been included in several Irish lists, but 
it appears to me on no valid authority. The horn said to have been 
found in Ireland, and now in the Museum of Belfast, is clearly an 
importation, and belongs to a recent individual. The Ovine and 
Caprine remains, met with in cavern and other deposits, are evidently 
of domesticated individuals. 

The Cetacean remains I am unable to confirm from personal obser- 
vation; nor is there any evidence of their fossil exuvisB that I can dis- 
cover, the specimens being apparently from superficial deposits. 

Prom a study of the foregoing and other remains, described in 
detail in a Monograph on Irish Possil Mammals which I have forwarded 
to the Koyal Insh Academy, it appears to me that the only mam- 
mals hitherto met with in a fossil state in Ireland are as follows : — 

Equus caballus. 

Cervus megaceros. 

Cervus tarandus. 

Cervus elaphus. 

Elephas primigenius. 

Hippopotamus (?). 

Canis lupus. 

Canis vulpes. 

TJrsus spelsBus {Ursm ferox fossilis), 

Lepus variabilis. 

With the exception of the Irish elk and hippopotamus, all these 
mammals were found in the same deposits, and their remains inti- 
mately associated, so as to lead towards the belief that they were con- 
temporaneous. The reindeer, red deer, and Irish elk have also been 
found in the same subturbary deposits, and their remains in close prox- 
imity. 

The above catalogue will be found exceedingly meagre, as regards 
both genera and species, in comparison with lists of the Pleistocene 
mammals of England, and might indicate either that the climate and 
physical characters were inimical to such animals, or else that an early 
separation of Ireland from England took place, giving time for only 
the hardier and more vagrant animals to push westwards. The 
presence of only the woK and bear as representatives of the larger 
camivora, and absence of the lions, hyaenas, and such like, may 
account for the abundance of the remains of the Irish elk. I 
admit, however, that this inference is still premature : indeed had 
it not been for the valuable discoveries made by the late Mr. 
Brenan in Shandon Cave, the list of Irish fossil mammals would 
have been even less numerous than above, and without the contempo- 
raneity of the species which that rock cavity revealed. But they 
have done more, for they show that the Irish limestone caves should 
be carefully explored. 
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XLIl. — On THE Composition of the Buxton Limestone, and on the 
Limes suitable foe the Manufactuke of Bleaching Powdeb. By 
R. Laubence, Associate, and C. Clarke Hutchinson, Eoyal 
Exhibitioner, Royal College of Science, Dublin. 

[Bead, June 13, 1877.] 

The fact of the Buxton limestone being so largely used for the manu- 
facture of bleaching powder, and the superiority of the product ob- 
tained from it over that from other sources, suggested that a knowledge 
of its composition would be interesting and useful, as a standard of 
comparison for the adaptability of other limestones for a like purpose. 
Although in most scientific and technical works on chemistry the re- 
pute of this limestone is mentioned on treating of bleaching powder, 
yet in none of these works with which we are acquainted is there any 
information given of its composition ; nor are we aware that any com- 
plete analysis of it has been hitherto published. 

The result of this analysis, as compared with some of our Irish 
limestones, might also show that they might be utilised with material 
advantage for the manufacture of these important commercial products. 
The samples analysed were furnished by Professor Galloway, who had 
personally selected them from the quarries worked in the vicinity of 
Buxton. The investigations were carried out in the Chemical Labora- 
tories of the Royal College of Science, and under his supervision. 

The appearance of the stone is of a greyish-white colour, crystal- 
line, and very compact, containing small, shining crystals of carbonate 
of lime, with irregular occurrence of siliceous matter. It is of nota- 
ble hardness and great density, and the fractures (which are generally 
smooth, and often of a conchoidal nature) bring to light the f ossilife- 
rous character of the rock. 

Two sets of independent analyses were carried on by us, the sub- 
joined being the respective means of the results so obtained. 

Having proved by a careful qualitative analysis, conducted in the 
usual manner, the presence of the following constituents, in addition 
to the carbonate of lime — organic matter, silica, iron, magnesia, pot- 
ash, and soda, traces of alumina, phosphoric acid, together with very 
faint traces of hydrochloric and sulphuric acids, the separation and 
estimation of these bodies were proceeded with in the following way : 

After carefuUy sampling and reducing the specimens to powder, 
about six grammes of the substance were taken for each analysis, and 
treated with hydrochloric acid. . . . The acid solution was evaporated 
to dryness on the water bath, the residue was moistened with a small 
quantity of hydrochloric acid, and a tolerably large quantity of water 
added. The solution was then warmed, and filtered through a tarred 
filter, dried at 100° C. . . . The insoluble residue (which consisted of 
sand, silica, and organic matter) was washed, dried at 100° C, and 
weighed ; this gave the weight of the total insoluble matter. 

The filter and insoluble matter were then ignited in a tarred cru- 
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cible and weighed ; this gave, after deducting the filter ash, the quan- 
tity of sand and silica ; and the difference in weight between the total 
amount of insoluble matter and the silica and sand, the amount of or- 
ganic matter. The insoluble inorganic matter, being so slight, was not 
further examined. 

To the filtrate from above, chlorine water was added, to peroxidise 
the iron ; the solution was then warmed, and ammonia added in slight 
excess. After being allowed to stand for some time in a covered ves- 
sel, it was filtered into a litre-measuring flask ; the precipitate was 
again dissolved in hydrochloric acid, chlorine water and ammonia 
again added, the solution allowed to stsuid, and then filtered through 
the same filter as before — ^the filtrate being collected in the same flai^ ; 
this precaution was taken to insure the complete separation of the lime 
from the iron, &c. (some small portion being liable to precipitation as 

carbonate during filtration from the carbomc acid in the air) The 

precipitate was then dried, ignited, and weighed ; this gave the amount 
of iron, with the traces oiE alumina and phosphates, which being very 
BmaU were not further separated. 

The litre flask, in which the ammonia solution and wash- water had 
been collected, was then made up to the mark. 

Two estimations of lime were made in each analysis, 200 cc.s of 
the solution being employed in each case; the lime was precipitated 
by ammonia and oxalate of ammonia, and estimated as carbonate in the 
usual way. 

The filtrates and wash-waters from each of these portions were 
then added together, evaporated to dryness, and gently ignited, to ex- 
pel the ammonia salts, when cold water and hydrochloric acid were 
added to the residue, and the solution treated with ammonia and phos- 
phate of soda in excess; after standing twelve hours, the precipitate of 
phosphate of magnesia and ammonia was filtered off, dried, and after 
ignition weighed, as pyrophosphate of magnesia (MgaPjOT) ; and from 
this the weight as magnesia (MgO) was calculated. 

For the estimation of the alkalies, a separate portion of 200 cc.s of 
the ammonia solution was taken from the litre flask. The lime from 
this was precipitated by oxalate of ammonia, and after filtration the 
solution was evaporated to dryness with a small quantity of pure 
oxalio acid, this being added to ensure the conversion of the whole of 
the bases into oxalates ; on ignition, the magnesic and alkaline oxalates 
were converted into carbonates, the alkaline carbonates being then 
separated by treatment with a very small quantity of water. Hydro- 
chloric acid was added, the solution evaporated to dryness, and 
weighed in a tarred platinum dish ; this gave the amount of mixed 
chlorides. A small quantity of water was now added, and to this 
solution an excess of bichloride of platinum ; after evaporation nearly 
to dryness, the residue was treated with alcohol of 0*86 specific gravity, 
and allowed to stand; the precipitate was afterwards filtered off 
through a small tarred filter, washed with alcohol, and weighed as the 
double chloride of potassium and platinum ; ftom this was calculated 



LAtTEENCE Ain) HTTrCHINSOK— OK THE BUXTON LIMKSTONE. 251 

the weight of potassic chloride present, which, deducted from the 
weight of the mixed chlorides, gave the weight of the sodic chloride 
both of which were then calculated to their respective oxides. 

The carbonic acid was estimated with the aid of a modification of 
Will's and Fresenius' apparatus. 

The following Table represents the percentage composition of the 
limestone, as obtained by us : 

Substances. 

I. II. Mean. 

SiHca and SiHcates, ..... 0-884 0-923 0-903 

Organic Matter, ....'.. 0-017 0-029 0-023 

Oxides of Iron, Alumina, ) ^.^g^ Q.gjg o-242 

and Phosphates, ) 

Lime(CaO), 64-752 55-064 54-908 

Magnesia (MgO), 0-314 0-555. 0-434 

Potash (K2O), 0-254 * 0-126 0190 

Soda(Na,0), 0-242 0614 0-428 

Carbonic Acid (CO2), ..... 43-783 43-196 43-489 

Hydrochloric and Sulphuric ) ^ ^^^^^ rj.^^^^ _ 

acids, ) 

Totals, 100-511 100-726 100-617 

Specific Gfravities. 

I. Taken in the mass, 2*76 

II. Taken by bottle as powder, 2*7 

III. Portion insoluble in HCl. taken by bottle, . . . . Z'5 

As regards the suitability of limestones for their conversion into 
bleaching powder, we will quote the following from a recently pub- 
lished work, ** Chemistry, as Applied to the Arts and Manufactures," 
page 477 : — 

** The limestone for this purpose should be as free as possible from 
iron and manganese, because they impart to the bleaching powder a 
dark colour. The presence of considerable quantities of magnesia is 
said to be disadvantageous, inasmuch as the chloride of magnesium, 
which forms in the treatment with chlorine, absorbs water from the 
atmosphere with much more avidity than the corresponding lime com- 
pound, and the magnesium hypochlorite, which too is formed under 
the influence of the chlorine, decomposes very readily ; two properties 
which easily lead to the spoiling of the bleaching compound. This 

statement is, however, contradicted by experienced manufacturers 

Two kinds of limestone are generally used, one called ' clipp,' which is 
brought from France ; the other a pure limestone from Buxton." 

This seems entirely to agree with the results we have obtained ; for 
it will be seen that the substances which are here mention^ as dele- 
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terious to the chlorinated product are either absent, or present only in 
extremely small quantities, the carbonate of lime forming the great 
bulk of the stone. 

As regards the presence of magnesia, many authorities have stated, 
contrary to the above, that the presence of a certain amount of magne- 
sia is beneficial, but our analysis disagrees entirely with this statement, 
it being perceived that the quantity of magnesia present is inappreci- 
able in its amount. 

Two other advantages accruing from the use of this limestone are, 
1st, that the powder made from it retains its chlorine, and is therefore 
highly suitable for transmission and storage ; 2nd, that in making the 
bleaching solution from it the insoluble matter settles down (leaving a 
clear solution) very rapidly. This latter property would evidently be 
expected, for, on reference to the specific gravities given above, it will 
be seen that the insoluble matter is of a very much greater density 
than the bulk of the limestone. 
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Munich Royal Academy of Science (2 copies). 

Neuchatel... Soci^t^ des Sciences Naturelles. 

^ iT S^A ^^^' } '^® Editors of Silliman's Journal of Science and Art. 
New York ... Lyceum of Natural History. 
Oxford Bodleian Library. 

Ashmolean Society. 

Palermo Accademia di Scienzi e Lettere. 

Paris Ecole Polytechnique . 

Geological Society. 

L'E^ole Imp^riale des Mines. 
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Jardin des Plantes, Bibliothfeque. 
Philadelphia. American Philosophical Society. 

Academy of Natural Sciences, per Triibner and Co. 
Plymouth ... The Plymouth Institution and Devon and Cornwall Natural History 

Society. 

Presburg Der Verein fiir Naturkunde. 

Quebec Literary and Historical Society. 

Rome The Vatican Library. 

Rouen Academy of Sciences. • 

St. Andrews . University Library. 

St. Louis Academy of Sciences. 

St, Petersburg Imperial Academy. 

Central Physical Observatory of Russia. 

Russisch-Kaiserliche Mineralogische Gesellschaft. 
Stockholm ... Royal Academy of Science, per Longman and Co., Paternosttr-row ^ 

London ; and Sampson and Wallis, Stockholm, 

Geological Survey of Sweden. 
Strasburg ... Soci^t^ des Sciences Natiu-elles. 
Stuttgart ... Verein fiir vaterlandische Natiu-kunde. 
TORONTO.C.W. Canadian Institute, per Thomas Henning, Esq. 

Toulouse Academy of Sciences. 

Truro Royal Institute of Cornwall. 

Turin Royal Academy. 

U PS ALA Royal Society of Sciences. 

Vienna Imperial Academy of Sciences. 

Prof. W. Haidinger, of Vienna, as Editor of the *'Jahrbuch der k. 
k. Geologischen Reichsanstalt." 

K. k. Zoologisch-botanische Gesellschaft, per Braiimuller and Co., 
Vienna. 
Washington . Smithsonian Institute Library, per W. Wesley, Esq., 28, Essex-street, 

Strand ^ London, 

Windsor The Royal Library. 

Zurich Naturforschende Gesellschaft, 
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LIST OF FELLOWS, CORRECTED TO OCTOBER 31, 1877. 

Fellows are requested to correct errors in this List, by Letter to the 
Bev. Db. Haughton, Treasurer, Trinity Collegre, Dublin. 



OFFICERS OF THE SOCIETY FOR THE YEAR 1877-8. 
President. — Rev. Maxwell Close, F. G. S. 

Vice-Presidents. — Earl of EnniskiUcn, F. R. S., F. G. S. ; Sir Richard Griffith, 
Bart., LL.D.,F.R.S.E.; Professor E. Hull, F. R.S., F.G.S.; Sir Robert Kane, 
LL.D., M. D., F.R.S.; Rev. H. Lloyd, Provost, T. CD., D.D., F.R.S. 

Treasurers. — Rev. Samuel Haughton, M. J). ; Professor Samuel Downinc:, 
LL.D. 

Secretaries. — Professor J. Emerson Reynolds, Ph. D., F. C. S. ; Prof. A. 
MacaUster, M. D. 

Council. — Alexander Carte, M. D. ; W. Frazer, F.R. C. S. I. ; Alphonse Gages, 
M.R.LA.; Edward Hardman, F.C.S. ; Prof. Harkness, F.R.S., F.G.S.; T. 
Maxwell Hutton; Francis M. Jennings, F. C. S.; George H. Kinahan; Hugh 
Leonard, F. G. S., M. R. I. A. ; Joseph 0' Kelly ; George Porte, M. R. I. A. ; Robert 
S. Reeves ; B. B. Stoney, C. E. ; C. R. C. Tichbome, Ph. D., M. R. I. A. ; 
W. H. S. Westropp, M. D., M. R. I. A. 

HONORARY FELLOWS. 

Elected. 

1844. 1. Bouc, M. Ami, For. Mem. L.G.S., M.D., Academic Imp. Sc.^ Vicuna, 

1865. 2. Bui-ton, Captain R. F., Royal Geographical Society^ 1, Savile lioiv, 
London. 

1861. 3. Daubree, M., Membre de I'lnstitut, 91, Hue de Grevillc, St. Germains, 
Paris. 

1861. 4. Delesse, M., Ingenieur des Mines, Paris. 

1865. 5. Des Cloiseaux, M., Prof, of Mineralogy, Jar din des Plantes, Paris. 

1861. 6. De Serres, M. Marcel, Montpellier. 

1861. .7. Deville, M. C. Ste. -Claire, 8, Rue des Vieux Oolombieres^ Paris. 

1861. 8. Deville, M. H. Ste.-Claire, 8, fine des Vieux Colombieres, Paris, 

1861. 9. De Koninck, M. L., For. Mem. L. G. S., Lihge, 

1861. 10. Geinitz, M. H. B., For. Mem. L. G. S., Dresden, 

1863. 11. Hunt, Dr. T. Sterry, F. R. S., Institute of Technology, Boston, XT. 8. 

1873. 12. Jones, Professor T. Rupert, F. R. S., 5, College Terrace, Yorktown, 
Surrey, 

18G1. 13. M'Clintock, Rcar-Admii-al Sir Leopold, R.N., C. B., F.R. S., Dock- 
yard, Portsmouth. 

a 
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HONORARY CORRESPONDING FELLOWS. 

Elected. 

1859. 1. Gordon, John, C. E., India. 

1859. 2. Hargrave, Henry J. B., C. E., India. 

1859. 3. Hime, John, C. E., Ceylon. 

1858. 4. Kingsmill, Thomas W., Eong Kong. 

1855. 5. Medlicott, Joseph, India. 

1854. G. Oldham, Thomas, F. R. S., Calcutta. 

FELLOWS WHO HAVE PAID LIFE COMPOSITION. 

1853. 1. Allen, Richard Purdy, Chelmsford House, iingcll Road, Biixton, Lon- 

don, S. W. 
1861. 2. Armstrong, Andrew, 16, D'Olier-strcet. 
1857. 3. Carson, Rev. Joseph, D. D., S. F. T. C. D., Trinitt/ College. 
1857. 4. Dowse, Rt. Hon. Baron, Mountjoy-squarc. 
1872. 5. Durham, J. S. W., Mosenthal, Torquay, Devon. 

1861. 6. Fottrell, !Edward, Drayton, Cambridge-road, Math/nines. 

1862. 7. Frazer, W., F. R. C. S. I., 20, Har court-street. 
1857. 8. Greene, John Ball, 6, Ely-place. 

1848. 9. Haughton, Rev. Professor, M. D., F. R. S., 40, Trinity College. 
1862. 10. Henry, F. H., Lodge Park, Straffan, county Kildarc. 

1850. 11. Hone, Nathaniel, M. R. I. A., St. DouloiigN s, county Dublin. 
1867. 12. Kane, Sir Rohert, F. R. S., 15, Raglan-road, Dublin. 

1866. 13. Lalor, J. J., 6, Upper Fitzwilliam-street. 

1856. 14. Lentaigne, John, M. D., 6, Great Denmark-street. 

1851. 15. Malahide, Lord Talbot de, F. R. S., Malahide Castle, Malahide. 

1867. 16. Malet, Rev. J. A., D. D., S. F. T. C. D., Trinity College. 

1838. 17. MJallet, Robert, C. E., F. R. S., The Grove, Clapham-road, London. 

1876. 18. Mayne, Thomas, 2, Glenart Avenue, Bladcrock^ Co. Dublin. 

1846. 19. Murray, B. B., County Survey Office, Downshire-road, Newry. 

1872. 20. O'Brien, William, Ailesbury House, Merrion, county Dublin. 

1852. 21. O'Kelly, Joseph, 14, Hume-street. 

1857. 22. Porter, WiUiam, C. E. 

1849. 23. Sidney, F. J., LL.D., 19, Herbert-street. 
1864. 24. Symes, Richard Glascott, 14, Hume-street 

1851. 25. Whitty, Rev. John Irvine, LL.D, 94, Lower Baggot-street. 

FELLOWS WHO HAVE PAID n.U.F LIFE COMPOSITION.* 

1868. 1. Backhouse, Henry, 2, Ontario-terrace. 
1875. 2. Boot, John Thomas, Hucknall, Mansfield. 

1866. 3. Bradley, Samuel, Little Castle, Castlecomer. 

1873. 4. Broughton, Frederick, LL.D., Hamilton, Ontario. 

1862. o. Carter, T. S., Wailing ton Park, Watlington, Oxfordshire. 

1867. 6. Clark, George R., C. E., Northern Bengal State Railway, Farbatipur 

Dinagcpore, Bengal. 

1854. 7. Clemcs, John. 



* Extract from Uy-Laws. 

" Any person not residing for more than sixty-three days in each year within twenty miles 
of Dublin shall be a Fellow for Life, or until he comes to reside within the above distance, on 
paying to the Treasurers the sum of ;^5 5^ . 

" Any non-resident Life Fellow who shall reside within twenty miles of Dublin for more 
than sixty-three days m any one year shall cease to be a Fellow, unless he shall either pay an 
additional composition of £5 5*., or shall pay a subscription of los. 6d. for each year in which 
he shall so reside for more than sixtj'-three days. 
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1870. 8. Cooke, Samuel, C.E., Civil Engineering CoUegey Poona, Bombay. 
1873. 9. Cooper, J. A., M.D., Civil Surgeon of Hissar Hiasar, Bengal. 
1873. 10. Cox, Charles CyAshb?/ House School J Walsall. 

1867. 11. Crawfurd, Robert, C.E. 

1861. 12. Crosbie, William, Ardfert Abbey, Ardfert, Tralee, 

1868. 13. Cruise, Richard J., Geological Survey, 14, HtrniC'Street, Dublin. 

1873. 14. Cunningham, Professor R. 0., M. D. Edin., Queen*s College, Belfast. 

1874. 15. Devine, Thomas, Deputy Surveyor General for Ontario, Toronto, 

Canada. 

1873. 16. Dobbs, Josiah, Coolbaun, Castlecomer, Kilkenny. 

1866. 17. Duffin, W. E. L' Estrange, County Survey Office, Limerick. . 

1861. 18. Dunally, Lord, Kilboy, Nenagh. 

1876. 19. Dunscombe, Clement, M. A., C. E., Public Offices, Derby. 

1872. 20. Egan, F. W., 14, Hume-street. 

1866. 21. Ellis, R. H. 

1871. 22. Emerson, Rev. J. M., Timahoe, Abbeyleix. 

1869. 23. Enniskillen, Earl of, F. R. S., M. R. I. A., Florence Court, Enniskillen. 

1872. 24. Gore, J. E., care of C. S. Bundle, Esq., C. E., Umballa Bost-office, 

Punjab, India. 
187li 25. Hardman, E. T., 14, Hume-street. 
1853. 26. Harkness, Professor, F. R. S., Queen's College, Cork. 

1861. 27. Harte, W., C. E., Donegal County Surveyor, Office, Londonderry. 

1856. 28. Haughton, Major John, R. A., Bengal. 
1850. 29. Head, Henry, M. D., 7, Fitzwilliam-sqtiare, 
1858. 30. Hill, J., C. E., Ennis, county Clare. 

1862. 31. Hudson, R., F. R. S, F. L. S., Clapham Common, London. 

1839. 32. James, Sir H., Major- General R. E., F. R. S., Ordnance Survey Office, 

Southampton. 

1857. 33. Keane, Marcus, Beech Park, Ennis, county Clare, 
1871. 34. Kelly, G. N. H., Fair-street, Drogheda. 

1862. 35. Kinsman, G., J. P., Roebuck Hill, Dundrum, comity Dublin. 

1853. 36. Kinahan, George H., 14, Hume-street. 

1862. 37. Kincaid, Joseph, Jun., C. E. 

1838. 38. Larcom, Major-General Sir Thomas, R. E., LL.D., F.R.S., Heathfield, 

Fareham, Hants. 

fi74. 39. Laurence, Rev. Chas., Lisreaghan, Laurencetown, county Galway. 

1858. 40. Leach, Lieut.-Colonel, R. E., 3, St. Jameses-square, London, S, W. 
1868. 41. Leonard, Hugh, 14, Hume-street. 

1876. 42. Lilley, Rev. Charles, M. A., Head Master of Ware Grammar School, 
Ware, Herts. 

1840. 43. Lindsay, Henry L., C. E., Melbourne, care of J. Bower, Esq., C. E,, 

28, South Frederick-street. 

1867. 44. Meadows, J. McCarthy. 

1874. 46. Meadows, Joseph, Jun., Thortknlle, county Wexford. 
1840. 46. Montgomery, James E., M. R. I. A. 

1856. 47. Moloney, C. P., Capt. 25th Meginunt, Madras N. I., per Messrs. 
Grindlay and Co., 3, Cornhill, London. 

1856. 48. Medlicott, Henry B., F. G. S., Geological Survey of India, per Smith 

and Elder, Cornhill, London, E. C. 

1857. 49. M'lvor, Rev. James, Rectory, Moyle, Newtownsteicart, county Tyrone, 
1865. 50. Morton, G. H., 122, London-road, Liverpool. 

1845. 51. Neville, John, C. E., M. R. I. A., Dundalk. 

1870. 52.' Mcolls, Thomas, C. E., Resident Engimer, Yorkshire and Lancashire 
Railway, Manchester. 

1868. 53. Nolan, Joseph, 14, Hume-street. 
1832. 64. Renny, Henry L., R. E., Canada. 

1870. bb. Rigby, Jason, C. E., 49, Park-avenue, Sandymount, 
1873. 56. Rowney, Professor T.,Ph. D., Queen's College, Galway. 
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Elected. 

1875. 57. Scholfield, Amos, M. A., Clyde Cottage, Redland Vale, Bristol,, 

1854. 58. Scott, R. H., M. A., F. R. S., Meteorological Office, 116, Victoria-street, 
London. 

1872. 59. Sharpe, R. W., Redhay Tier and Sarhour WorJcs, Cushendall, Lame. . 
1868. 60. Siree, P. H., C. E. 

1854. 61. Smylii, W. W., F. R. S., Jermyn-atreet, London. 

1865. 62. Steele, Rev. W., Portora Royal School, Bnniskillen. 
1871. 63. Sturman, Dr. E. A., Queen* a College, Fmge, London, S. E. 
1857. 64. Tate, Alexander, C. E., Queen's Elms, Belfast. 

1870. 65. Taylor, J. E., F. G. S., Bracondale, Norwich. 
1832. 66. Tighe, Right Hon. William, Woodstock, Innistiogtti. 

1866. 67. Townsend, H. W., Clonakilty. 

1871. 68. Traill, William A., Geol. Survey, Ballymena, Co. Antrim. 

1873. 69. Trench, J. Townsend, Kenmare. 
1866. 70. Wall, H. P., Fort arling ton. 

1864. 71. Waller, G. A., 2, Longford-terrace, Monkstown, county Dublin. 

1853. 72. Webster, WiUiam B. 

1871. 73. Weldon, Captain Frank. 

1872. 74. White, H. V., C.E., County Surveyor, Longford. 
1872. 75. White, John N., Waterford. 

1876. 76. Whiston, WiUiam, M. A., Collegiate Academy, Chapel- Chorlton, near 

Newcastle, Staffordshire. 

1861. 77. Whitney, C. J., Brisbane, Queensland. 

1846. 78. Wilson, Walter. 

1864. 79. Wright, Joseph, Cliftonville, Antrim-road, Belfast. 

1864. 80. Wyley, Andrew. 

1857. 81. Wynne, Arthur B., F. G. S., Geological Survey of India, Calcutta. 

ANNUAL FELLOWS. 

1875. 1. Adams, Professor A. Leith, M. B., F. R. S., Royal College of Science, 

Stephen* s-greeu . 

1861. 2. Barrington, E. E., M. B., Enniskerry. 

1862. 3. Barton, Henry M., 4, Foster-place. 

1868. 4. Brien, Charles H., Board of Fublic Works, Custom-house. 
1872. 5. Byron, R., 2, Fitzwilliam-place. 

1857. 6. Carte, Alexander, M. D., F. L. S., Royal Dublin Society. 
1862. 7. Close, Rev. Maxwell, 40, Lower Baggot-street, Dublin. 

1858. 8. Cotton, Charles P., C. E., 11, Lower Fembroke-street. 

1874. 9. Crawley, J. Chetwode, B. A., 3, Ely-place. 
1849. 10. Downing, Samuel, LL.D., C.E., Trinity College. 

1876. 11. Fitt, Decimus, C. E., Longford, or care of Messrs. Courtney and 

Stephens, Black hall-place. 

1865. 12. Fleming, John M., Fortsbridge Cottage, Cosham, Manfs. 

1866. 13. Foot, A. W., M. D., 21, Lower Fembroke-street. 
1858. 14. Gages, Alphonse, M. R. I. A, 51, Stephen' s-green, 
1862. 15. Gribbon, C. P., 72, Stephen' s-green. 

1831. 16. Griffith, Sir R., Bart., LL.D., F. G. S., 2, Upper Fitzwilliam-place. 

1857. 17. Hampton, Thomas, C. E., 6, Ely-place. 

1861. 18. Hudson, A., M. D., 2, Merr ion-square, North. 

1870. 19. Hull, Edward, M. A., F. R. S., 14, Ifuine-street. 

1865. 20. Hutton, T. M., 118, Summer-hill. 

1852. 21. JeUett, Rev. J., F. T. C. D., M. R. I. A., 9, Trinity College. 

1842. 22. Jennings, F. M., M. R. I. A., Brown-street, Cork. 

186G. 23. Knapp, W. H., C. E., 17, Belgrave-square, K., Monkstown, Co. Dublin. 

1865. 24. Leitch, John, C. E., 6, Ely-place. 

1831. 25. Lloyd, Rev. Humphrey, D.D.,F.R. S, Provost T. CD., Pm'o*^'*^ofw. 
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Elected. 

1863. 26. 

1863. 27. 
1851. 28. 

1876. 29. 
1859. 30. 

1856. 31. 
1871. 32. 

1874. 33. 

1864. 34. 

1857. 35. 

1861. 36. 

1877. 37. 

1875. 38. 

1862. 39. 
1861. 40. 
1875. 41. 
1864. 42. 

1863. 43. 
1863. 44. 
1877. 45. 



Macalister^A., M. B., 6, Trinity College. 

M'Donnell, Alexander, C. E., St. John's, Inchicore. 

McDonnell, John, M. I)., 4, Gardiner' a-row. 

M*Nab, Professor W. R., M. D., Royal College of Science. 

Moore, Joseph Scott, J. P., 12, Hume-street. 

O'Brien, Octavius, 23, Kildare-street. 

O'Leary, W. H., M. D., M. P., 38, York-street, Dublin. 

Porte, George, 43, Great Brunswick-street. 

Reynolds, J. Emerson, M. D., 52, Upper Leeson-street. 

Reeves, Robert S., 22, Upper Mount-street. 

Roberts, "W. G., 7, Cornwallis-terrace, Clifton, Bristol. 

Rochford, John, Education Office, Marlborough-street, Dublin. 

Ross, George M., Ballinagowan House, Bathmines, 

Rowan, D. J., C. E., Woodburn, Blackrock, Co. Dublin. 

Stoney, Bindon, C. E., 42, Wellington-road. 

Taylor, F. C, Summerlea::e Collegiate School, Bast Harptree, near Bristol, 

Tichbome, C. R. C, Ph. D., F. C. S., Apothecaries* Hall, Mary-street, 

"Westropp, W. H. S., M. D., Lisdoonvarna, county Clare, 

Williams, Richard Palmer, 38, Dame-street. 

Young, Peter, Education Office, Marlborottgh-street, Dublin. 



SUMMARY. 



Honorary Fellows, 
Corresponding Fello^^s, 
Life Fellows, 
Half life Fellows, 
Annual Fellows, 



Total, 



13 

6 
25 
81 
45 

170 
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SOCIETIES AND INSTITUTIOXS TO WHICH THE JOURNAL OF 
THE ROYAL GEOLOGICAL SOCIETY OF IRELAND IS SENT. 



Abebdeen . 
Albany 
Amsterdam . 
Antwerp 
Belfast 

Berlin 



Bologna 

Bordeaux 

Boston 

Bristol 

Brunn 

Brussels 
Caen.. 

Calcutta 



Cambridge . 



University Library. 

State Library, New York. 

Royal Academy of Sciences. 

Palseontological Society of Belgium. 

Queen's College Library. 
Naturalists* Field Club. 

Royal Prussian Academy of Sciences. 

German Geographical Society. 

German Geological Society, per Besserscbe Bucbhandlung, Behren^ 
strasse, 7, Berlin, 

Academy of Sciences of the Institute. 

Society of Physical and Natural Sciences. 

American Academy of Arts and Sciences. 

Natural History Society. 

Institution for the Advancement of Science, Literature, and the 

Arts. 
Natural History Association. 

Royal Academy of Sciences, Letters, and Fine Arts of Belgiiun. 
Linnsean Society of Normandy. 
Asiatic Society. 
Public Library. 
Geological Survey of India. 
Philosophical Society. 
Trinity College Library. 
Canterbury, \ 

New Zea- > Geological Survey. 

LAND . . ) 
Copenhagen Royal Danish Academy of Science and Letters. 

Queen's College Library. 
Royal Institution. 

Academy of Sciences, Arts, and Literature. 
" Isis" Natural History Society. 
Royal CoUege of Surgeons' Library. 
Royal Irish Academy. 
University Library. 
Royal Dublin Society. 
Ordnance Survey Library. 
Geological Survey of Ireland. 
Institution of Civil Engineers. 
Royal Society of Edinburgh. 
Edinburgh Geological Society. 
Royal Scottish Society of Arts. 
University Library. 
Society of Antiquaries. 
Advocates' Library. 
Royal Cornwall Polytechnic Society. 
Italian Society of Sciences. 
Queen's College Library. 
Society of Physics and Natural History. 
University. 

Glasgow Geological Society. 
University. 

Natural History Association for Saxony and Thiiringia, per An- 
tons Buchhandlung, Malle. 



Cork 

Dijon . . 
Dresden 
Dublin 



Edinburgh 



Falmouth 
Florence 
Galway 
Geneva 

Glasgow 

Gottingen 
Halle 
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Vll 



Haxau 

Hanover 

Harlem 

Kilkenny . 

KoNIOSBERG 

Lausanne . 
Leeds 

Leifsic 

Liverpool . 



London 



Lyons . . 



M.U)RID 

Manchester 
Melbourne 



Milan . . 
Missouri 
Modena 
Montreal . 
Munich 
Nancy 
Neufchatel 
New Haven, 
U. S. A. . . 
New York . . 
OxroRD 

Palermo . . 
Paris . . 



Uppcr-Hcssian Society of Natural and Medical Science. 

Royal Library. 

Dutch Society of Exact and Natural Sciences. 

Teyler Institution. 

Archaeological Association of Ireland. 

Royal Physical and Economical Society. 

Vaudian Society of Natural Sciences. 

Geological and rolytechnic Society of the West Riding of Yorkshii-e. 

Philosophical and Literarv Society. 

Royal Saxon Society of Sciences. 

University. 

Literary and Philosophical Society. 

Historic Society of Lancashire and Cheshire. 

].iverpool Geological Society, The Royal Institution, Colqtdtt-street. 

Geological Survey, Jermyn-strcet. 

British Museum. 

Society of Arts, John-street, Adelphi. 

Royal Institution, Albemarh-street, 

Royal Society, Burlington House. 

Geological Society, Burlington House, 

Linnajan Society, Burlington House. 

Royal Geographical Society, 15, Whitehall-place. 

Civil Engineers, Institution of, 25, Great George-street, Westminster. 

Royal Asiatic Society, 22, Albemarle-street. 

Royal College of Surgeons, Lincoln* s Inn. 

Zoological Society, 11, Hanover-square. 

Geological Magazine, Editor of. 

Athena)um, 14, Wellington-street, Strand, London, W. C. 

Anthropological Society, 4, -S'^. Martin' s-place, London, W, C. 

Society of Agriculture, Natural History, and Useful Arts. 
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